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PREFACE 


This text is prepared for the following purposes; 

1. The training of mechanics for repair stations of airlines* 

2. To serve as a reference book for repair-station operators. 

3. To be a text and reference for the use of the mechanics 
of the armed forces. 

The need of a text of this type'became obvious when a study 
was made for the revision of “Airplane Construction and Repair.” 
This study revealed that at the present stage of development of 
airplanes in this country, there are two general classes of airplane 
mechanics: 

1. The 'private operator^ and the mechanics employed ly the 
private operator or employed in small repair shops catering to the 
private operator. This class of mechanic is concerned principally 
with the construction and repair of small airplanes of the wood, 
wire, steel-tubular, and fabric types.- 

2. Mechanics employed in large repair statmns. of national and 
international airlinesj and mechanics in. the major depots of the 
Army Air Forces and of Naval Aviation, This class of mechanic 
is concerned excltisively with the repair, overhaul, and main¬ 
tenance of large all-metal aircraft/ 

It was decided that for class h, “Airplane Construction and 
Repair” needed very little if any revision at the present time. 
This text, how^ever, does not suit the requirements of class 2—a 
class which did not exist when “Airplane Construction and 
Repair” was written. It was accordingly decided to wuite a new 
text, “Airplane Maintenance,” expressly for the purpose of the 
mechanic w^hose work is primarily on metal airplanes. 

In the preparation of “Airplane Maintenance” the authors 
have consulted more than fifty experts, including airplane super¬ 
intendents of maintenance, manufacturers, field experts, etc. 
The response of these men to requests for advice and assistance 
has been extremely gratifying. Credit is given to them and to 
their organizations throughout the text. The following is a 
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list of personnel, not mentioned elsewhere in the text, for whose 
assistance the authors.express their sincere appreciation:' 

For expert-advice'and assistance: 

H. D. Ingalls, Superintendent of Maintenance, American Airlines, 
Inc., Chicago. 

John Leslie, Division Manager, Pan American Airways, La- 
Guardia Field, New York. 

Maintenance Committee, Air Transport Association of America. 
W. A. Hamilton, Lieutenant Commander U.S.N.R. Formerly 
System Maintenance Superintendent, Transcontinental and 
Western Air, Inc., Kansas City, Mo. 

R. W. Hambrook, Agent, Industrial Education, U.S. Department 
of Interior, Office of Education. 

David Retan, Shop Head, Aircraft Sheet Metal Shop, Boeing 
School of Aeronautics. 

For many special photographs: 

W. D. Auerbach, Boeing School of Aeronautics. 

For valuable editorial assistance: 

D. E. Longanecker and F. M. Halpine. 

John E. Younger, 
Allan F..Bonnalte, 
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College Park, Maryland, 
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AIRPLANE MAINTENANCE 


CHAPTER I 

QUALIFICATION OF AN AIRPLANE MECHANIC 

The principal qualifications of an airplane mechanic may be 
listed as follows: . 

1. Responsibility.—-The primary object to be attained in a 
course of instruction for airplane mechanics is the training of 
men not only to do their work correctly and intelligently, but to 
assume full responsibility for the accuracy and thoroughness of 
their work. In no other trade is this sense of responsibility so 
essential. 

The federal government, as well .as the flying public, recognizes the 
airplane mechanic as a responsible expert of the highest order. 
Rigid qualif^-dng examinations separate the well trained from the 
poorly trained—but responsibility, closely associated ^dth charac¬ 
ter, cannot be determined by examination. A test is not only 
disastrous to the candidate but to others as ’well. One false irre¬ 
sponsible step on the job, and the mechanic's career is “washed 
out.’’ ’ . 

During the training period is the time to develop a high sense 
of responsibility. The student, from the first, should establish for 
himself a record of responsibility and guard this record zealously 
throughout his career. 

2. Technical Skill.—Reliability is of little value if the work is 
not accomplished intelligently. A mistake, for example, in the 
apparently simple job of washing an airplane, of using the wrong 
washing solution, may cause important parts of the structure to 
corrode.. A tiny hairline crack in the metal structure or in the 
propeller mojy have no meaning to the untrained mind, but to 
the skilled mechanic, these microscopic lines are giant bill boards 
of danger. 

Intelligence on the job requires training — reliable, thoroicgh, and 
careful 'training—in all phases of the work. The best place to 
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obtain this training is in one of the many excellent aviation 
schools, public or private, day school or night school. 

3. Education. —It is assumed in this text, which is written 
for the average trade school for airplane mechanics, that the 
student is possessed of a fair knowledge of the fundamental 
sciences, such as mathematics, physics, etc. The equivalent 
of two years or more of high school is desirable. And even college 
graduates, especially in engineering, find it desirable to take 
vocational training in aviation in preparation for many of the 
engineering positions available in the aircraft industry. 

While a general course in aviation is not necessary for the airplane 
mechanic^ a knowledge of elementary aerodynamics and other phases 
of aviation training is desirable. Many excellent elementary 
texts on aerodynamics are available. 

4. Specialized Training. —The airplane mechanic should have 
specialized training in: 

1. Care and use of shop equipment and tools. 

2. Repair-shop routine and inspection routine. 

3. Handling of airplanes in the hangars and on the line. 

4. Safety from accidents and fire. 

5. The names of airplane parts, and the functions of the parts. 

. 6. The types of structures in airplanes and the peculiarities of each type. 

7. The materials used in aircraft structures; their properties, treatment, 
and uses. 

8. Fabrication of materials, welding, riveting, forming, etc. 

9. Basic principles of the strength of thin-sheet-metal structures. 

10. Working, forming, etc., of thin sheet metals for repairs. A knowledge 
of woodwork is required in making molds for forming thin sheets. 

11. Repair of wooden members. This requires a knowledge of wood¬ 
working and gluing. 

12. Wire work, such as making terminals, splices, etc. 

13. Fabric work, such as cutting, sewing, and doping fabric surfaces. 

14. Adjusting, service, and minor repair of metal propellers. 

15. Cleaning exteriors, interiors, and the various parts of the airplane, 
together with routine lubrication of moving parts. 

16- Servicing and adjusting of brakes, tires, wheels, shock absorbers, 
controls, hydraulic and electrical systems, etc. 

17. The detailed inspection of all airplane parts. 

5. Knowledge of Structures. —Airplane structures are the most 
carefully and scientifically designed of all engineering structures. 
The structure must he light yet strong, durable, and safe. Many 
parts of the structure are designed for as many as a dozen or more 
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possible loading conditions in flight, in landing, and on the 
ground. 

There is a scientific reason for each peculiarity of the structure. 
This reason may not be obvious to anyone except those concerned 
with the design. It is apparent therefore that changes should 
not he made in a structure, without the instruction from the proper 
source—the engineering department. 

Major repairs are design problems, and hence must he made 
under instructions, as though the airplane were in the factory under 
construction. 

6. Government Regulations.—The aircraft industry is very 
carefully supervised and regulated by the federal government. 
While there are many w^ays in which the government regulations 
apply, only those parts concerning the airworthiness of the* 
airplane directly apply here. The Civil Aeronaiutics Adminis¬ 
trator of the U. S. Department of Commerce is the official 
concerned. The Civil Aeronautics Board, a five-man, inde¬ 
pendent, quasi-judicial commission, adopts the regulations and 
exercises inspection over them by means of a corps of safety 
investigators who function wffien accidents occur. 

The regulations that apply to the repair and maintenance of 
airplanes are known as the CAR (short for Civil Air Regulations), 
which is published in a large number of parts,all catalogued 
by a decimal breakdowm into individual regulations. There 
are in excess of 25 of the CAR, numbered irregularly from Part 01. 
to Part 99. There are parts that apply directly to the aircraft 
mechanic and the maintenance and repair of the airplane. Other 
parts apply to the engine mechanic and his Tvork. In addition 
there are Regulations of the Administrator, published in parts 
numbered from 501 to 601; only Part 501, Aircraft Registration 
Certificates, will apply to the mechanic and his work. 

The following parts apply to the aircraft mechanic: 

Part 501. Aircraft Registration Certificates. 

01. Airworthiness Certificates. 

04: Airplane Airworthiness. 

15. Aircraft Equipment Airworthiness. ■ 

18. Maintenance, Repair and Alteration of Certificated Aircraft, etc. 

24. Mechanic Certificates. 

52. Repair Station Rating, 

98. Definitions. 

Section 60.32. Identification marks. 
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There are also manuals to go with some of these parts. Each 
manual is numbered the same as the CAR part to which it 
applies. Manual- 104 is an explanation of CAR, Part 04. 
Likewise Parts 15, 18, and 52 have accompanying manuals. ' 

Every student should have a copy of all the above-listed parts 
and their manuals. Copies can be obtained at no charge from 
the Civil Aeronautics Administrator (Publications and Statistics 
Division), Washington, D. C., by stating the purpose for which 
they are needed. Studying for certification examinations is a 
valid reason for getting them. In due course, all parts (manuals 
are issued without charge by the CAA) will be on sale at the 
Government Printing Office, Washington, D. C., most of the 
parts at nominal cost. Anyone who wishes to get those parts 
that are not directly needed wdll have to buy them. A complete 
list and prices will be sent by the administrator on request, or 
the current number of the Civil Aeronautics Journal can be 
consulted for their status. This journal is a monthly periodical 
open to subscription. 

Complete familiarity with the above-listed parts of the CAR 
is an essential for the aircraft mechanic. He must begin his 
education by studying them and must continually refer to them 
and the manuals throughout his whole wmrking life. Frequently 
amendments are issued and these must be secured and entered 
in his copy of the proper part. Watching the Jommal is the best 
way to keep informed on pertinent amendments. 

Manual 18, Maintenance, Repair and Alteration of Certificated 
-Aircraft, Aircraft Engines, Propellers and Instruments, is a most 
prolific source for useful information. It has many illustrations 
of typical repairs to damage^ structure, as well as pertinent data 
on. how to maintain, repair, or alter aircraft and comply with the 
CAR in all ways. .. 


References 

1. Vocational Training for Aviation Mechanics, Bulletin 142, Trade and 
Industrial Series 40, Federal Board of Vocational Education, Washington, 
D. C. Ask for the latest issue. This bulletin has no information for the 
student.* It is for the use of teachers. One library copy per school is 
sufficient. 

2. Regulations of the Administrator, Part 501, Aircraft Registration 

Certificates. * . 
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3. Civil Air Regulations. 

Part 01 . Airworthiness Certificates. 

04. Airplane Airworthiness.. 

15. Aircraft Equipment Airworthiness. 

18. Maintenance, Repair and Alteration of Certificated Aircraft, etc. 

24. Mechanic Certificates. 

98. Definitions. 

Manuals for Parts 04, 15, and 18. 

4. '^The Aircraft Year Book” (for the current year), Aeronautical Cham¬ 
ber of Commerce of America, Inc., New York. 

Questions an Airplane Mechanic Should Be Able to Answer^ 

(Air Commerce Regulations) 

1 . How often must a certificated airplane be. inspected? By whom? 

* 2. What lights must be carried on a plane carrying passengers for hire 

at night? 

3 . YTiat entries are required in the airplane and engine log of a certifi¬ 
cated airplane? 

4. May an uncertificated mechanic work’on a certificated airplane? 

5. May a certificated mechanic work on an uncertificated airplane? 

6 . Wliat experience is necessary to be eligible for an engine mechanic's 
certificate? 

7. .What experience is necessary to be eligible for an a^irplane mechanic’s 
certificate? 

8 . What report must be submitted to the Department of Commerce 
after an accident to a certificated airplane? 

9. If you fail on this examination, how” long- must you wait before 
reapplying? 

10 . How long does a mechanic’s certificate remain in force? 

11 . 'WTiat is necessary to renew it? ‘ 

12 . Give five reasons for the suspension or revocation of a mechanic’s 
certificate. 

13. Where should the log book of a certificated airplane be kept? . 

14. What special equipment must be in a plane making a trip over water? 

16. How often is a line inspection required on a certificated airplane? 

16. Must a certificated engine mechanic be experienced in the mainte¬ 
nance of ignition system? 

17. Name eight items that are included in a daily line inspection. 

18. Are safety belts required on both closed and open cockpit airplanes? 

19. What w^ould be the meaning of a registration reading iVE3046? 

20 . Is a compass ever required on a certificated airplane? 

21 . What is the age requirement for a mechanic’s certificate? 

22 - 'V^Hiat engine instruments are required on a certificated airplane? 

1 This set of questions is from Ref. 1. They are listed under the heading 
Sample Mechanics’ Examination Questions. 
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23. 'V\^at safety equipment is required on certificated aircraft carrying 
passengers for hire? 

24. May a certificated mechanic ride in the copilot’s seat? 

26. What civil penalty may be imposed for a violation of the terms of an 
airman’s certificate? 

' 26. What are the markings for certificated aircraft? 

27. What requirements must be met before carrying passengers for hire 
in an airplane which has been seriously damaged? 

28- ^^^len must a mechanic carry his certificate? 

29. May a citizen of a foreign country hold a mechanic’s certificate? 

30. Must an applicant for mechanic’s certificate be able to read, write, and 
speak the English language before receiving a certificate? 

31. Is anyone other than a certificated mechanic aiithoriz(‘.d to sign the 
log book of a certificated airplane? 

32. How do you tell the difference between a certificated and unccrtifi- 
Gated airplane? 

33. What are the sizes of the letters and numbers required on the wings 
of an airplane? 

34. What are the requirements relative to the placarding of baggage 
compartments in certificated aircraft? 

35. When must a navigation summary report be submitted to the Secre¬ 
tary of Commerce? 

36. How shall a serious accident, which results in serious injury to per¬ 
sons, be reported? 

37. What procedure is necessary in repairing a certifi.cated aircraft which 
has been seriously damaged before the certificate can be continued or be, 
renewed? 

. 38. If a component is damaged more than 50 per cent, what procedure 

is necessary? 

39. Does it make a difference if the repairs are made at an approved 
repair station? 

40. What constitutes a line inspection? 

41. When is a first-aid kit necessary on a certificated airplane? 

42. Is a fire extinguisher on all certificated aircraft a requirement? 

43. When is a gasoline gauge required on a certificated airplane? 

44. Who is responsible for signing the log when repairs are made to a 
certificated airplane? 

46. What equipment and facilities are required in order for a repair 
station to be approved to repair a welded-tube structure, excluding fittings? 

46. Is it necessary to carry the log book in a certified airplane when mak¬ 
ing cross-country trips? 

47. Are electric landing lights required on certified airplanes only in 
transportation of mail at night? 

48. WTiat is meant by a periodic inspection? 

49. When is a periodic inspection made? 

50. Is an applicant for mechanic’s certificate required to pass a practical 
as well as a theoretical examination? 
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REPAIR SHOPS AND EQUIPMENT 

Shops for the alteration and repair of certificated aircraft 
must in most cases meet the requirements of the Civil Aero¬ 
nautics Administration as laid down in the Civil Air Regulations, 
Part 52. Shops authorized to make repairs are called approved, 
repair stations. Detailed information as to getting this approved 
repair station standing is set forth in the above-mentioned part 
of the CAR and in the manual of-the same number: 

7. Approved Repair Stations.—Generally speaking, a repair 
station is approved for only certain classes of work. Those listed 
by the Administration are as follows: 

1 . Aircraft welded steel tube structure. 

2. Aircraft wooden structure (not including box and laminated spars, 
wood-covered fuselages or wings and control surfaces). 

3. Aircraft fabric covering. 

4. Aircraft wood-covered fuselages, wings, and control surfaces, and 
box and laminated spars. 

0 . Aircraft steel fittings. 

6 . Aircraft aluminum-alloy structure (not including fittings). 

7. Aircraft aluminum-alloy fittings. 

8 . Aircraft assembly. 

9. Aircraft aluminum-alloy propeller blades and steel hubs. 

10. Aircraft wooden propellers. 

11. Aircraft engines. 

12. Aircraft instruments. 

In the following paragraphs are presented the general specifica¬ 
tions for shop space and equipment necessary in an approved 
repair shop. Only special items will be covered, and information 
usually found in took and equipment catalogues will be omitted 
since the student may obtain this information from tool and 
equipment manufacturers free of charge. Like vise, the detail 
of the CAR is omitted, since these things may be obtained in 
Government bulletins free of charge or for a nominal sum. (See 
References at the end of the chapter.) 

7 
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8. Shop and Office Space.—It is possible that an approved 
repair station for the most essential repairs on airplanes could be 
installed in a space as little as 3,000 sq. ft., provided there is some 
additional space in which an airplane, either dismantled or fully 
erected, could be stored while its parts ^vere undergoing repair. 
Such a limited area would, however, be very cramped. It would 
he far better if approximately a total of 10,000 sq. ft. were available 



Fig. 1.—Aerostand, an adjustable service stand which can be easily moved about. 
{Courtesy of Pacific Service Corporation.) 


for a small, complete repair station that would he able to handle 
about three airplanes or components at a time. 

Office space should be closed off from the erection shop wherein 
accurate records can be kept of all work done on licensed air¬ 
planes. Close to the erection shop is probably the best place for 
office space for much work will be completed right in this shop 
and never go any farther. 

9.. Assembly Hangar and Equipment.—The assembly hangar 
or space must be large enough to house the largest airplane likely, 
to be worked on. It must also have doors that will open far 
enough to allow the airplanes to be taken in and out unless the 
airplanes are to be removed to the airport to be assembled. The 
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assembly hangar should be preferably on the airport. The rest 
of the repair station can be remote from the airport if desired, 
but it is, of course, of considerable value to have it all under the 
same roof or very close together. 

The assembly hangar of a completely equipped repair shop 
will have as a minimum equipment: 

1. Laddersj preferably of the step type, sufficiently high to be able to set 
up and work above the highest wing likely to be worked on. 

2 . Several platforms of minimum of 4 by 6 ft., and preferably larger, made 
up of welded-steel angles or tubes with a good substantial wooden floor and 
moimted on casters that can be raised in order to set the platform solidly 
on the ground. These should be available in several heights, the lowest 
being about 4 ft. from the ground, the highest possibly as high as 8 ft. The 
higher one should have a railing on at least two sides. 

Figure 1 illustrates an adjustable service stand that has much merit. 
A hydraulic cylinder allows it to be readily extended over a wide range of 
heights and its design is such that it will fit over many parts of the airplane 
and provide comfortable working facilities at locations that would otherwise 
be awkward to reach. 

3. There should also be an adjustable stand of the tripod type in order to 
regulate the height of the tail when setting the plane up in rigger's flying, 
position. 

4. Short pedestal stands should also be available to support the airplane 
by the axle or jack pads so that the tires are off the ground whenever making 
actual adjustments to the rigging of the airplane. 

5. Plumh hobs with sti'ings 10 to 12 ft. long^ which can be tied to the end of a 
light pole, such as a one-piece bamboo fish pole, should be available. There 
should also be several plumb, bobs that are separate, for use in confined 
places. Using the plumb bob'on the fish pole is very simple as the pole 
is merely leaned against the leading edge of the wing or against the point 
where it is desired to hang the plumb bob. Measurements can be readily 
made, and the plumb bob can be moved from point to point very rapidly. 

6 . Several sizes of precision levels and level protractors should be available. 

7. Several good light-weight straightedges about 4 ft. to 12 ft. in length 
should be available. It is well to make these straightedges laminated in 
order to minimize w’-arping. They should be very carefully protected against 
damage ; and it is ’well to paint them a distinguishing color so that they are 
not likely to be cut up by uninformed persons. 

8 . A minimum of three scales, two of them having a capacity of not less 
than 2,0.00.1b. each, should be available. Scales should be preferably of the 
type on which the load is off of the fulcrums except during the actual process 
of weighing. The 'third scale can be of a lighter type with a capacity of 
500 lb. Platform-type scales are most Citable, the heaviest scales having 

. the largest practicable platform and still to be fairly, portable. For air¬ 
planes weighing more than about 4,000 lb., a lever weighing system can be 
rigged up wuth a little ingenuity. Inclined planes or ramps should be avail- 
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able so that an airplane can be rolled up onto the scales for weighing. The 
scale equipment is not essential, but it is a highly desirable part of any 
repair-shop equipment. It is excellent routine, w'henever making changes or 
major overhaul or repairs, to weigh the airplane first, whenever possible, and 
determine its center of gravity position, repeating the process again upon 
completion of assembly in order that a complete record be available of the 
change in weight and position of the center of gravity. This procedure will 
save many arguments with both the customer and the Department of 
Commerce Inspectors. 

It is excellent 'practice to 'leeigh every airplane periodically and 'whenever the 
structural 'weight is getting too great to chech through the 'machine carefully, 
re'moving excess material that has been put in. It is surprising how rapidly 
an airplane grows in the day-to-day operations. This is so because of the 
constant “beefing up” of parts in order that they will either last longer 
or can be maintained easier. If allowed to go without restraint, the airplane 
will become overloaded, thereby violating its airworthiness license. The 
airplane may even, under certain circumstances, become so.overloaded as 
to become very dangerous. 

The assembly hangar should have a concrete floor that is dry 
and well finished. 

10. Dope and Fabric Rooms. ^—It will be necessary for several 
compartments to be definitely closed ofi from the rest of the 
main space for particular reasons. The dope shop, which should 
be a minimum of about 500 or 600 sq. ft. with a major diagonal 
dimension of about 45 ft., must be tightly enclosed so it can be 
readily heated and so it can be protected against fire hazards. 
For a small shop the dope shop can also be equipped for fabric 
work, but this would limit output considerably, necessitating 
that work be scheduled in this place by doing all covering and 
then all doping, which might be quite a disadvantage w-hen 
trying to get out a repair of a whole airplane. 

The dope shop must be arranged with a heating, source that 
will heat to a temperature of not less than 75°F. under the most 
severe weather conditions likely to be encountered. At the same 
time adequate ventilating equipment must be put in that will 
allow’' an air change in not more than every three minutes. Cer¬ 
tain localities have special laws covering the installation of dope 
shops. It is well to’ investigate local co'nditions before building one. 
In any case, whatever heating system is adopted must be outside- 
fired by having a remote steam boiler or an air-heating furnace 
well away from the doping room. Steam radiators in the room' 

1 See also Chap. XIIL 
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itself are satisfactory, but if hot air is brought in, it should be 
brought in and distributed directly under the ceiling. The dis¬ 
charge from the room should be by means of a pressure-type, 
nonsparking fan (discharging into open air) driven by an electrical 
motor, preferably of the squirrel-cage type with a fumetight 
casing. The fan must be of a kind that can be readily cleaned; 
and in addition a fine copper screen should be between the fan and 
the room to prevent any possibihty of flareback should the gases 
be ignited outside. 

The lights in the dope room must be in vaportight receptacles and 
all electrical switches must he outside the room. There should be 
no power plugs exposed in the room although in an extreme case a 
power plug might be installed overhead. It is a far better prac¬ 
tice for jointless extension cords for any electrically driven 
portable tools to be carried clear out of the room, and plugged 
in outside. 

Another excellent alternate is to use air tools entirely. If so, 
brass connectors must be used in order to prevent accidental 
sparking which might occur if steel pipe and connectors were 
to be used. The floor mxist be either wood and covered ydth 
linoleum, industrial carpet, or some fibrous material, and should 
never be concrete for fear that a spark might be thrown from a 
dropped tool, shoe nail, or other metal objects. There should he 
at least one good door swinging out and held closed hy a spring so 
that a rapid exit from the room is possible; and CO 2 type of fire 
extinguishers should he available immediately outside the door, 

11. Heat-treating Equipment.^"—Heat-treating apparatus will 
vary with the immediate needs and location of the shop in ques¬ 
tion. In some localities commercial heat-treating conoerns are 
available who can handle anything on specification. In other 
localities no such facilities are available and must be provided 
by the repair shop itself. In any event it will always be neces¬ 
sary to have rivet-heat-treating apparatus for the heat treatment 
of rivets. A small electric furnace using either a mujB9.e or salt 
pot is satisfactory. Automatic temperature control must be 
fitted, and it is highly desirable that a temperature recorder be 
installed as well, in order to allow a check-back on the tempera¬ 
tures at any time- Usually the temperature controller and 
recorder are built into one machine. For the heat treatment of 

^ See also Chap. VI. 
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major parts and where such parts are not production items, it 
is best to have some type of salt bath and a fairly large container 
heated by either gas or oil furnace. If there is a fair volume of 
salt, hand regulation of temperature will be adequate, but in any 
case a record of the temperature should be kept. Hand tempera¬ 
ture regulation will he satisfactory only if constant attention is paid 
to the hath hy a responsible experienced man. 

The salt mixture recommended is equal parts of sodium 
nitrate and potassium nitrate. This mixture is preferable as it 
is not only satisfactory for the heat-treating temperatures for 
aluminum alloys but also solidifies at a low enough temperature 
to allow annealing of them. ‘Very close regulation of temperature 
must be exercised. For instance, when the 24>S alloys are being 
treated, the temperatures must be held at 930°F. with a maximum 
tolerance of ± 5°F. Anything over 5° above the recommended 
temperature will blister the material, and under 5° below that 
temperature, the heat treatment will not be satisfactory. For 
the 17>S alloys the controlling temperature is i940°F. with a —5° 
and a +10° tolerance, the same remarks applying to higher or 
lower temperatures. 

If salt baths are used, provision must be made thoroughly to 
wash the heat-treated parts after treatment. Warm water 
should be used if possible. Rivets should never be immersed in 
the salt, but held in closed-end tubes that are set into the bath. 
Quenching must always he done in cold water. 

If iceboxes are used to delay age hardening, care must be taken 
that the temperature inside is low enough to insure prevention 
of the precipitation hardening. Rivets not kept at low temperature 
must he driven 30 min. of treatment except A-17 rivets which 
require no heat treatment. 

12. Sheet-metal Shop.^*—Sheet-metal construction of airplanes 
is done with tools similar in character to those used in an ordinary 
tin or sheet-metal shop. ' Owing to pecuharities of aircraft 
materials it is necessary, however, that the tools be used with 
care, and kept in first-class condition. The tools in some cases 
must be slightly modified to fit better the needs of the material. 

Every care must be taken to* insure against scratching the 
metal, for every scratch is a potential fatigue failure. Scribers are . 
accordingly taboo as layout tools. A pencil is used instead. A 

^ See Chap. X for types and uses of small tools in sheet-metal shops. 
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center 'punch is never used except to start a drill. Other ordinary 
metal-shop practices must be modified in the airplane sheet- 
metal shop. 

Material must be racked in such a manner that it can be taken 
off the racks without shding over other material. The aluminum 
alloys must never he stored with steel, and even the harder alloys 
should he segregated from the softer ones whenever possible. 

Pohshed maple-topped benches are probably the best surfaces 
to work on. Maple is hard enough so that metal chips do. not 



Fig. 2.—Sheet-metal shop: Parks Air College. 


imbed in it, and at the same time soft enough so that it does not 
tend to scratch the material. Some shops use paper-covered 
benches, others use hnoleum covers, but both of these are subject 
to the criticism that chips imbed in them readily and w^ not 
brush off easily. 

Great care must be taken with any metal-topped or metal- 
covered bench, table, or tool that might have sharp edges or 
burrs. All such imperfections must be smoothed with a fine file 
and no burrs allowed to remain.- 

Vises must he smooth-jawed with the edges most carefully rounded 
to a small radius, and polished. ■ It is also necessary to use soft- 
metal protectors on the jaws in most cases, but even then rough 
or serrated vise jaws should not be used. 
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The air pressure for hull riveters {press) or for air guns must he 
closely regulated. Too high a pressure crushes and dimples'' 
the sheet and too low a pressure will result in work-hardening 
of the rivets. E.iv§t snaps and bucking bars must be free from 
burrs and sharp edges and should be polished. 

Drilling of the strong aluminum alloys is done with normal twist 
drills sharpened in the usual manner. It is desirable that some 
attention be paid to the condition of the drill, removing burrs if 
necessary with an oil stone.. The drill speed should be about 
three to three and a half times that for steel; and lard oil is the 
best lubricant. Carbon steel drills are entirely satisfactory. 

Band saws and jig saws used to cut the strong aluminum alloys 
must be fitted with metal cutting blades and operated at about 
one half of the wood-cutting speed for best results. If a tooth 
is broken in a saw, that blade should not be used because a 
decided nick will be ciit in the sheet and might be the start for 
a fatigue failure. 

The squaring shear must he kept sharp and' the blades adjusted to 
small clearance as otherwise the material will pulL ■ When soft 
aluminum is being sheared, lard oil should be applied to prevent 
the aluminum from seizing onto the blades. The shear used for 
aluminum alloys should be restricted to that • use, and never 
should it be used for steel.- 

' Brakes for use with aluminum alloys must have a small radius 
on the blade. In spite of the relative softness and apparent 
ductility of these alloys, they are surprisingly brittle. The radius 
should never be less than the thickness of the sheet that will be 
used, and many mechanics make it about 0.1 in. for an 0.066-in. 
sheet. The blade, bed, and edge of the leaf or apron must be 
free from burrs, paint, dirt, and shavings. 

Several types of rolls are used in the airplane sheet-metal shop. 
The three most common are the shp, beading, and edging rolls. 

The slip rolls must be smooth, free of burrs, and properly 
adjusted to the thickness of the sheet to prevent their being 
sprung. 

Beading rolls are used to run beads, stiffeners, or to form radii 
at or near joints. They are used most extensively in making 
fuel tanks. The rolls must be smooth, and the edges must be 
rounded to as large a radius as possible. 
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Edging rolls are used to turn the edge of a sheet in order to take 
out the wavy edge and also to make the finished seam lie up flat. 
The rolls ordinarily furnished with this machine are too sharp and 
must be ground to about a radius. 

Special rolls can be made up by the ingenious metal-shop 
mechanic to meet his particular needs. 

The nibbling machine is not used very much mth the aluminum 
alloys. It is invaluable, however, for the making of steel fittings 
from sheet stock. 

A nihhling machine comes with one si^ie of die and two punches ■ 
marked the A and B punches, respectively. The A punch is a 
very close fit in the die, and is used for thin plate or materials 
which are tough or soft. In other words, it is suitable for use 
with 2S or 3S, 52S, thin 18-8 (stainless steel), 1020 (mild steel) 
steels under 0.049 in. in thickness. The B punch fits the die with 
some clearance, probably about 0.003 or 0.004 in. It is used on 
thick or brittle material, particularly on 4130 steel (chrome- 
molybdenum) and on 1020 or 18-8 that is over 0.049 in. thick. 

The throatless shear is a very handy tool and can be used for 
the cutting of straight and irregular lines in all types of sheet 
metal. When working with the strong aluminum alloys care 
must be taken in its use for the driving roller or shear wheel is 
notched in order to propel the material through the machine. 
These notches nick the edge of the cut rather badly on one side 
and not quite as severely on the other. It is necessary to file out 
the nicks in order to insure against the possibility of fatigue 
failures, but with some care the amount of filing can be reduced 
materially. 

For the making of forms, patterns, and bend blocks it is highly 
necessary that some type of woodworking machinery be available 
to the metal shop. A good heavy hand saw is particularly valu¬ 
able. A circular saw is desirable. If a regular woodw’^orking 
shop is part of the repair plant, it is not necessary that there be 
special wroodw^'orking equipment in the metal shop. 

A good screw-cutting lathe is an excellent piece of equipment. 
One of at least 11-in. size is preferable, not because really large 
work will have to be done, but such a lathe will be heavy and 
rigid enough to do rapid work. A small hand milling machine is 
also an excellent addition to any repair shop, with a good collec- 
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tion of cutters of various types. An indexing head is hardly 
ever needed, however. 

13. Stock Room: Identification and Care of Materials.^—One 

of the most important items in the aircraft shop is the identifica¬ 
tion and segregation of materials. Many and varied materials, 
in all states, must be kept in such a manner that no error can 
arise in their use. The designer has reasons for specifying a 
particular material for every part. Construction of that part 
must be of the required material in the required state. The 
■repair man must conform to these requirements as well. 

All shops will include, in materials on hand, ferrous metals, 
ranging in alloys from 1020, cold-rolled carbon steel, through 
1025 to 4130X chrome-molybdenum steel. Occasionally other 
alloys will be used as w^ell. In the aluminum alloys the variety 
may be even greater, but in practically all oases alloys 2S, 3S,. 17S, 
24S, and 52S will be available in the O and T states, at least. 

In addition, many shops stock the various strong aluminum 
alloys in Alclad, w^hich still further complicates the stock-room 
problem. ' If anodizing is done before storage, many of the shee*ts 
will have this finish, making the problem even more difficult. 

Good stock-room practice is, accordingly, essential to any airplane 
sheet-metal shop. The various materials must be marked in an 
unmistakable manner to insure that they can be readily identified 
up to the final inclusion into the airplane assembly. Some of the 
materials come from the mill properly marked as to the alloy. 

The proper marking of. materials is an. important function in the 
repair shop. Sometimes a color code is used. One that has 
served a good purpose is shown in Table I. 

Owing to the growing use of mercury-arc lighting, the value of 
a color code has been considerably reduced since this lighting 
does not reveal the true color. A color code is not entirely 
satisfactory in connection with the aluminum alloys because the 
material variations are so great as to preclude the use of a moder¬ 
ate number of colors. In Table I only nine variations are possible 
which do not even half cover the possible materials and states 
that will be found in the aluminum-alloy stock of a well-equipped 
repair station. It has accordingly become the regular practice 
of most repair stations to use the color code only for the ferrous 
materials and to stamp the aluminum alloys with rubber stamps, 
using opaque metal ink, a material that is used by can makers 
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and canners for code marking of their products. The rubber 
letters used are about high and are made up like removable 

type so that a stamp giving any particular information desired 
can be made up quite readily. It is the usual practice to include 
on this stamp the thickness of sheet in thousandths of an inch. 
A typical stamp is as follows: 

24SIIT 

049ALCD 

This stamp indicates the material, and its heat-treated state, its 
thickness, and that it is protected with an aluminum covering 
known as Alclad. 

Table I.— Masking op Materials 


Ferrous materials 

Color 

Aluminum 
materials ■ 

1020.. ... 

Blue 

2SO 

1025. 

Red 

2SMH 

2330. 

Yellow 

3SO 

4130.. 

Dark green 

3SMH 

2340. 

Nile green 

4SO 

Body steel... 

Orange 

17SO 

2320. 

Ecru 

17ST 

Drill rod. 

Dark brown 

24SRT 

Stainless steel 

Black 

24ST 


In marking steel, a small brush and a quick-drying lacquer 
are used. The thickness of steel sheet is marked on in thou¬ 
sandths of an inch. Bars are usually marked by an irregular 
stripe down their full length. 

Sheet material, whether aluminurq or ferrous, will be marked 
with a spacing of not over 4 or 5 in. in betw^een any set of marks 
so that even relatively small pieces will still hold the identifying 
color or mark. 

Glass jars are an excellent stock-room receptacle for various 
sizes and kinds of rivets in the ordinary’ repair shop where only 
a moderate quantity of supplies are necessary- 

14. Welding-room Equipment.—If extensive welding is done 
and fabric-covered airplanes are worked on, the wielding should 
be done in a separate compartment wrhich must be adequately 
large to take the largest* assembly that is likely to be repaired. 
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It is excellent practice to close off. a fairly large compartment in 
which all metal work will be done, including welding, sheet-metal 
work, and riveting. This room will also contain the heat- 
treating apparatus for rivets and the strong aluminum alloys. 

At least one acetylene torch with tips of sizes 1 to 7, inclusive, 
should be on hand. If only one torch is available the outfit should 
he made up as a portable unit with tanks of oxygen and acetylene, 
with their proper regidators, mounted on a hand truck. This will 
allow the welding unit to be moved to the job. 

The torch used should be preferably of a type using’ a very low 
oxygen pressure—not above 2 or 3 lb. per square inch gauge. 
This is important in the repair shop, for torches that require a 
high oxygen pressure throw a very long flame, which is much 
more difiicult to control, particularly in repair work on the 
assembled airplane or major components. A good part of 
the repairs can be done by electrical welding, having a motor- 
generator set as the source of power. 

In any case, adequate preparations for fire protection must always 
he taken, guarding all parts with wet asbestos when an assembly 
having fabric covering is being welded. In addition, an assistant 
should stand by with a quick-acting fire extinguisher, preferably 
of the carb.on dioxide type, as well as one of a soda acid type, so 
that any tendency to flame can be immediately stopped. Carbon 
tetrachloride fire extinguishers have their uses but they are not 
always as effective for this work as the carbon dioxide type. 

The welding shop should be equipped with bench vises, ah 
emery w^heel, a portable buffer, and the usual hand tools, includ¬ 
ing micrometers of a type suitable fpr measuring the thickness of 
tubing. When tubular assemblies are made, it is necessary to 
apply protective coatings on the interior after completion. This 
is best done with a small tank to w-hich 10 or 15 lb. of air pressure 
can be applied, forcing the lionoil or other protective material 
into the inside of the tubes. For sheet-metal work the shop 
must be properly equipped to use the various materials ordinarily 
found in airplanes. This wdll include not only the forming tools 
but also heat-treating facilities. 

Review Questions 

1. Name the classes of work for which a repair station may be approved. 

2. Describe the equipment for an assembly hangar. 
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3 . "WHiat safety precautions must be taken in dope rooms? 

4 . Describe the heat-treating equipment for a repair station. 

6. Name the equipment usually found in a sheet-metal shop. 

6. .What tool is used for layout work on aluminum-alloy sheets? 

7 . Describe the care of vises in a sheet-metal shop. 

8. Name two precautions in sawing sheet metal on a band saw. 

9 . Describe a nibbling machine. 

10. How are metals, in a stock room, marked and segregated? 
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Questions for Thought and Study of References 

1. Describe the use and care of a hack saw. (Ref. 8.) 

. 2. Name 20 kinds of files and describe each. Describe the use of files in 
aircraft sheet-metal work. (Ref. 1.) 

3 . How wmuld you sharpen a drill? (Refs, o and 9.) 

4 . Explain how to determine speed and feed in drilling with a power drill. 

6. Explain the principle on which a level operates. 

6. How do you clean files? 

7 . I^Tiat is a trammel? 

8 . Explain how to use a micrometer. (Ref. 5.) 

9 . Name the kinds of calipers and explain how they are used. 

10. Name the parts of a cold chisel, 

11. How are reamers used? . 



CHAPTER III 


AIRPLANE PARTS AND EQUIPMENT: STRUCTURAL 
TYPES AND NOMENCLATURE 

The purpose of this chapter is to familiarize the student with 
modern airplanes, their parts and the function of the parts, 
their equipment, their structural types, and the nomenclature 
involved.^ ■ 



Fig. 3.—Air forced downward by wings of airplane to sustain flight. 


16, Airplane Types. —Figures 5 to 11, inclusive, show the 
typical types of airplanes now in general use. ‘ To avoid the use 
of additional figures, the nomenclature is included in these figures. 

16. Fundamental Parts. —The fundamental parts of an air¬ 
plane axe: wings, fuselage, controls said control surfaces, landing 
gear, 'power plants, and propellers. Aside from these parts there 
are many auxiliary parts required to fit the airplane for modern, 
transportation usage. 

17. Wings. —^Wings sustain the airplane in flight by the reac- 
tion caused in forcing the surrounding air, passed through, 
downward (see Fig.'S). The principle involved is that of impulse 

■ and momentum. Impulse is the force necessary to give a mass 
momentum. The upward iinpulse on -the wings, causing the 
downward momentum of the air, lifts the airplane. 

^For additional nomenclature see figures of Chap. IX. The student 
should also have Ref. 5, Nomenclature. 
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Airplane wings are designed to give a maximum of lift for a 
minimum of propeller thrust. The latter implies, also, for a 
minimum of power. This explains the reason for the cambered 
(curved) surfaces of airfoils. Air passes over these surfaces with 
a minimum of turbulence, thus conserving the energy of the 
motors, because turbulence is a great energy absorber. 

The amount of lift depends upon and is proportional to: 

1. The area of the wing; that is, the mean, chord times the span (see Fig. 5). 

2. The square of the speed; for example, if all other conditions remain the 
same, to double the speed increases the.lift four times. 

3. The air density; for example, at 20,000' ft. altitude, where the air 
density is only about half that at sea level (other conditions remaining the 
same), the wings will lift only half as much. 



Fig. 4. —Cantilever wing spar of Lockheed Electra, center section; aiuminum- 
alloy, thin-sheet-metal, riveted construction. 


Note: The drag, however, at 20,000 ft. altitude is only half as great so 
that a greater speed may be attained for the same power, 

4. The angle of attack of the wing. Tests are made on models of wings 
to determine this effect. The results are tabulated with lift and drag coeffi¬ 
cients as a function of angle of attack. See elementary books, on 
aerodynamics. 

Wing structures are designed to sustain a load of 4 to 10 
(called load factors) times the weight of the airplane (see CAR 
Part 14). 

18. Monoplane.—Monoplanes may be classified as: 

1. Braced; that is, the 'wing structure is braced externally (see Fig. 9). 

2. Cantilever (see Figs. 5, 7, 8, 10, and 11), that is, the wing structure is 
braced internally, with no external bracing. The wing itself may be the 
cantilever beam, or the wing may be built over one, two, or more cantilever 
beams. 

Monoplanes may also be classified as: 

1. Higfir-wing. — The wing is above the fuselage, either cantilever or braced 
(see Figs. 9 to 11). 






Ruacter---. 


22 


AIRPLANE MAINTENANCE 


[Chap. Ill 


2. Low-wing .—The wing is below the fuselage, either cantilever or braced 
(see Figs. 5, 7, 8). 

3. Mid-wing ,—Figure 4 shows a cantilever vring spar. The wing passes^ 
through the center of the-fuselage. 


- - - £/e ^arfor Ir/m fcrb (Plotp) 


Itr '-'Elev'Gff-or 


''‘EJevcflor bcflotnce 
Norizoni-aJ storbil/zer 
''-Lecrcfing ec/ge ofsi-orb/lizer^ 

' Stcfbilfz.er-fuselage f/7/eI- 
,.FuseIage-wing f/71el 
^.-Centerpane/(section) of iving 
F Tip paneKsectiofi) of wing 

Trailing edge ofwing 
•--Aileron 



b-'- Tread - 

Front EleviJition View 

Fig. 5.—Parts of an all-raetal low-wing monoplane. 


— f^aximum ordinate 
of wing section 
Decrease in ordinate = 

., laper of wing in elev'ation 
'''Landing gear (chassis) 
( re tract able ) 


Cantilever.wings. Retrac¬ 
table chassis. Structure, semi-monocoque. (Vought V-143.) 


19. Biplane. —Biplanes have two wings—one above the 
fuselage, and one below the fuselage (see Fig. 6). The bracing 
consists of struts, flying wires, landing wires, etc. 

20. Material of Wings. —Cantilever monoplanes are, with 
practically no exceptions, built of metal because of the rigidity 
required for high-speed flight, traced monoplanes and biplanes 











Float struts 
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If any part of an airplane can be said to be more important 
than any other part, the spars are the most important structural 
pai't of an airplane^ since they are the main supporting members. 
Cantilever spars (Fig. 4) are quite massive and heavy in struc¬ 
ture, in comparison to other structural parts. All parts of such a 
spar carry excessively high loads, which must be taken into 
consideration in making repairs. 

22. Fuselage. —The fuselage is the body of the airplane. See 
Fig. 12 for structure and nomenclature. The fuselage; houses 
the passengers, crew, cargo, instruments, etc. (see Fig. 7), Parts 
which require the attention of a mechanic -are: 

1. In the passenger cabin —seats and upholstering, floors, windows, sound¬ 
proofing, heating and ventilation, buffet, lavatory, and toilet, emergency 
exits, and finish of all parts. 

2. Cargo compartments and mail and baggage compartment. 

3. In the crew compartment — instruments, controls, fire-fighting equipment, 
navigation equipment, windows, doors, finish of all parts, radio and radio 
accessories. 

23. Controls and Control Surfaces.— Control surfaces develop 
the required forces to control the airplane by increasing or 
decreasing the effective angle of attack of the surface of which 
they are a part (see Fig. 13). The controls are: 

1. Rudders. —These control the airplane (in yaw) about an imaginary 
vertical line (called the vertical axis) through'the center of gravity , of the 
airplane, the airplane being in the flying position. The rudder is controlled 
by the. pilot's feet. Pushing on the left foot yaws the airplane to the left; 
pushing on the right foot yaws it to the right. 

2. Elevators. —These.control the airplane (in chmbs, glide, or dive) about 
an imaginary horizontal line parallel to the wdng beams (called a transverse 
axis) and passing through the center of the gravity of the airplane. The 
elevators are controlled by pushing the control column forward for a dive, 
and pulling it backwrard for a climb. 

3. Ailerons. —^These control tjbe airplane (in roll) about an axis parallel 
to the propeller shaft (the longitudinal axis) and passing through the center 
of gravity of the airplane.. The ailerons are controlled by the rotation of the 
handwheel on the control column. The airplane rolls in the same direction 
the wheel is turned. Small airplanes do not have wheel aileron controls. 
The control column (called the “stick”) is moved to the left or right. The 
roll of the airplane follows the direction of motion of the “stick.” See 
Fig. 14 for additional nomenclature. 

4. Control Wires.—In general, motion from the control column is trans¬ 
mitted to the control surfaces by means of special control wires operating 
over ball-bearing pulleys. Push and pull rods (made of light tubing) are 
sometimes used. 
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5. Vertical fins and horizontal stabilizers serve to stabilize the airplane in 
its flight path, somewhat like the feathers on an arrow serve to guide the 
arrow in its flight- The rudder is hinged to the fin, and the elevators are 
hinged to the horizontal stabilizer. 

6. Wing fiaps are used to slow the airplane down for landing (see Fig. 15 ). 
For the same speed of the airplane, the flaps increase the lift of the wings 



Fig. 7.—All-metal low-wing, bi-motored, high-speed transport monoplane. 
(Xiockheed Electra.) 


about one third or more, enabling the airplane to fly with a much lower 
speed while landing. The flaps are controlled by handwheels or levers in 
the pilot’s compartment. 

7. Balanced Control Surfaces ,—The control surfaces may be balanced 
aerodynamically to lessen the effort required by the pilot in their operation. 
This is accomphshed by the addition of a part of the surface forward of the 
axis of the hinges. The control surfaces may also be statically balanced to 
prevent fluttering. 
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8. Trimming Tabs or Flaps .—^These are small flaps set in the trailing edge 
of a rudder, an elevator, or an aileron, and controlled by independent means. 
Their purpose is to trim the airplane so that it is perfectly balanced in flight. 
In this state, the airplane vdll fly “hands off” the controls. 

24. Landing Gear (Chassis and Tail Wheels).—^Landing gears 
are generally retractable. See Fig. 17. Features which require 
a mechanic's attention are: 

1. Wheels and axles. 

2. Tires.- 

3. Brakes and brake mechanism 

4. Shock absorbers. 

5. Brace struts arid trusses. 

For water craft, pontoons, boats,- or floats take the place of 
landing gears (see Figs. 6, 10, and 11). 

26. Hydraulic (Oil) System.—This system is generally used 
for the operation of retractable landing gears and tail wheels, 
operation of brakes, wing flaps, etc. Diagrams of the hydraulic 
systems are furnished repair shops by the manufacturer. 

26. Automatic Pilot.—General description and instructions 
(Maintenance Manual of Douglas Model DC3-178): 

The Sperry automatic pilot provides control of rudder, ailerons, 
and elevators; maintaining directional, lateral, and longitudinal 
stability required of an airplane in flight. It consists of the 
following major units; namely, gyro controlsj mountingj hydraulic 
servoj speed-control valves, oil-pressure-relief valve, and vacuum 
pumps. The gyros similar to the Sperry directional gyro and 
horizon are used to provide data lines from which the control 
surfaces are hydraulically operated. These gyros are air-driven 
by vacuum supplied by a Pesco vacuum pump mounted on the 
angular drive of each engine. * A vacuum of from 4 to 5 in. of. 
mercury is required. The controls may be operated by oil pres¬ 
sure supplied by either the right or left engine oil pump (Pesco 
high-pressure type operated by engine accessory drive) as selected 
by valve on hydraulic panel. Oil pressure of about 100 lb. is 
required. 

The gyro control units consist essentially of the horizon and 
directional gyros. It is not intended, that the repair or adjust¬ 
ment of the control units be attempted anywhere outside the 
Sperry factory or by any other than an authorized Sperry repre- 


6. Retracting strut, screw, or gear. 

7. Safety latch. 

8. Indicating mechanism. 

9. Retracting mechanism. 

10. Lubrication. 



Sec. 26] 


AIRPLANE PARTS AND EQUIPMENT 


27 


FIare,chufes-LH. s/c/e on/y^ 

Master wing Nap and '‘n 

aileron control mechanism-^ _I 

Wing flap hydraulic line - 

A uxiHary fuel tank petcock-^\\^ 

Auxiliary fuel tank -x'\'A 

Main fuel tank petcock —v\v. 

Main fuel tank ---''X'V'N 

{"Aileron control bell crank \\\\ \'\ 
j Aileron cables and pulleys.^ x^ I 

I Hydraulic brake lines ->, \ \\\\ \\ 1 

1 Landing gear hinge bolf-\ \ \\\\ V\1 
\ juncHon box main fuelgage'k^^^^ \ \ 

; ^Junction box 

c- Wing tip Ugh f / I 

Aileron control cables-^ l C/J-j/ l| 

Tripod rests --// / il 

Engine control coth/es - '/ / 

Fuel and oH lines -' / /" 3f 

Fuselage attaching bolts-~‘y' f '' 
Electrical conduits -'' / 


Note: View looking at 
bottom of airplane 

^ - EJevcrtorflap control rod 

p—Toilet trap-R.H.siole 
y' /—‘Aileron controlbeJJ crank 
/f-'Wabble pump fuel valve. 

///—Dump valves 

‘—Fuel control cables 
and valves 

' / ;i - engine conrroi caoies 

f /• T—Aileron flap control cables 
// 1 I —Aileron control cables 
V ; ! \Aileron control bell crank 






T^ L! U f control drum 

"Wing structure 
feed fuel valve 

1 \ lj'f'f'y''Fuel and Instrument lines 
ii \'''yOutside electrical terminal 

\ '' Outside heating ^stem terminal 
'\ '^:-Battery-L. H and R. H. side 

T 'yServo unit and. control cables 


Surface control pulleys and turn buckles ''Ventilator conduit 

. 3 .—Bi-motored all-metal low-wing monoplane transport. Diagram of 
inspection doors and cover plates. (Douglas Model DC3-178.) 
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Fig. 9.—High-wing, cabin, braced-wing monoplane, 
private owner. Structure: fuselage, welded-steel tubing; 
braced; doped fabric covering. (Fairchild 24, M-C-8E-) 
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sentative. If any trouble is traced to the control units, the 
Sperry Gyroscope Co., Inc., should be notified. 

27. Powef Plant.—The power plant, of course, provides power 
for flight. Repair of the engines is out of the scope of an airplane 
mechanic’s job. However, the removal and installation of 
engines will require his assistance. 

The power plant also provides power for auxiliaries; such as 
light, motors for operating landing gears, flaps, etc. As airplanes 
increase in size, auxiliary motors will be required to supply this' 
extra power. This wdll be especially true when airplane cabins 



Fig. 10.—Amphibian, Sikorsky S.43. 


and engines are supercharged to fly in the substratosphere 
(25,000 to 30,000 ft. high). 

28. Propellers.—Propellers actuated by the engines provide 
the thrust for flight. Each elementary section along the radius 
of the propeller is an airfoil wRich operates to provide thrust just 
as a wing operates to provide lift. The element travels in a circle 
as it moves forward as though it were sliding along the thread 
of a machine screw'. The angle of attack of the element depends 
upon the relation of the forward velocity of the airplane to the 
angular velocity of the propeller. Thus a propeller, with a fixed 
blade setting, w'hich operates efl5.ciently at a low speed (at take¬ 
off, for example) will not operate efl&ciently at a high speed. To 
remedy this a controllable-pitch propeller w'as devised, the blades 
of which could be set at one angle for take-off,’ and at a greater 
angle for high speed. . 

Note: Controllable pitch is used to indicate control in flight, 
while adjustable pitch is used to indicate propellers, the blade 
angle of which may be set in the shop, but is fixed in flight. 
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Constant-speed propellers automatically , control the pitch 
of the propeller blades so that the speed of rotation remains 
constant. 

29. Fuel System.—The fuel system of a large transport air¬ 
plane is quite a complicated affair, as the follo\\dng outline mil 
show. A fuel system consists of: 

1. Lines from the several tanks which concentrate at a tank selector valve. 

■2. From the tank-selector valve the single main line usually runs through 
a strainer, and wobble pmnp to the engine selector valve. 

3- From the engine-selector valve, a line runs to each engine, passing 
through a fuel pump and carburetor. 

4. Each fuel tank has a gauge in the pilot’s compartment. The tanks 
are provided with sumps and drain cocks, and generally dump valves. 



5. Cross-feed lines are provided in case of failure of a part of the system. 
This requires additional lines and valves. 

6. Engine primers are provided for starting motors. 

7. The fuel pressure to the engine is indicated on the instrument board. 
(See Appendix for inspection procedure.) 

30. Oil System.—The oil system has for maintenance: 


1. Piping system. 

2. Tanks. 

3- Coolers. 

31. Engine and Aeronautical 

1. Instrument board. 

.2. Flight panel. 


4. Pressure and temperature regu¬ 
lation. 

5. Drainage- 

Instruments.—These include : 

3. Oil- and fuel-pressure panel. 

4. Magnetic compass, etc. 
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32. Electrical Installation.—This includes: 

1. Electrical control panel. 6. Interior lights. 

2.. Ignition-system panel. 7. Landing-gear warnings. 

■ 3. Starters and generator system. 8. Electrical instruments. 

4- Fuses. 9. Batteries. 

5. Exterior lights. 10. Junction boxes. 

A wiring diagram is usually furnished in manuals of instruction 
for airplanes. 

33. Radio Equipment.—^This equipment comes - under the 
jurisdiction of the radio mechanic, though the airplane mechanic 
will be required to render assistance in removals and installations. 



'^-Sfr/nger (longffuof/ha/ rrb) 
Former sfr/nger (st/ffener) , 


Fig. 12.—Bracing structure of a semi-monocoque fuselage. 

Radio requires special shielding of certain electric lines in metal 
tubing,, and special bonding of all metal parts of the airplane. 

34. Heating and Ventilating System.—Transport airplanes 
are equipped with rather • elaborate heating and ventilating 
systems. The future will require complete air-conditioning 
systems. 

Figure 19 shows a heating and ventilating system which 
illustrates the principal features. 

The operating* principle of the system is as follows : 

The boiler operates as a dry boiler, admitting water only w'^hen 
there is a demand for steam in the radiator. Under normal 
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operation the radiator is always full of steam, the reserve water 
tank adding water as needed to keep the boiler and radiator full 
of steam. As the steam gives up its heat to the air flowing 
through the radiator, it condenses and flows back to the boiler. 
Connected to a tee, where the w^ater return line ties into the 
radiator, is a line vrhich runs to a regulating valve on. the top of 
the water tank. This line removes air from the ra^ator coils 
and supplies steam above the water. 



Fig. 13 .—Effective angle of attack increased by angular displacement of control 

surface. 


It is within the province of the airplane mechanic’s job to 
maintain such a system. 

35. Soundproofing.—All transport airplanes are soundproofed 
and \ibration-proofed. As a description of a modern example 
w^e quote from the Maintenance Manual of the Douglas DC3-178: 

The soundproofing is accomplished in three ways: by eliminating or 
minimizing noises at their source; by building doors, panels, etc., in such 
a vray that they will not'transmit sounds; and by reducing the remain¬ 
ing sound level with special absorptive materials. Large, flat surfaces 
such as wraUs and partitions are stiffened or shock-mounted, wherever 
possible, to eliminate their tendency to “drum.’^ Special draft felts 
are used in the forw^ard cabin waU and the rear lavatory wall. The 
felts effectively seal the holes where the fuselage longitudinals pass 
through the frames. Floor supports are shock-mounted, and the floors 
themselves are mounted in rubber, giving a W’-aterproof installation. 
Shock and rubber mountings are provided for the partitions separating 
the passenger compartments. The heavy cabin carpet serves to 
absorb considerable sound. 

Materials used and their manufacturers are as follow’-s: 

1. Seapak and Kapok Felt: Seaman Paper Co., Chicago, Ill. 

2. Akoustikos Felt: Johns-Manville Co., New York, N. Y, 

3. Paratex: Blockson Co., Los Angeles, Calif. 
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4. Sponge rubber Waterproofing Strip, K and H Inch: Kansas City 
Trimming Co., Kansas City, Mo. 

5. Plastikon Rubber Cement: Goodrich Rubber Co., Akron, Ohio. 

'6. Vultex Cement: Vultex‘Chemical Co., Cambridge, Mass. 

To maintain best sound‘control: 

1. Periodically inspect all cabin fixtures, seats, and furnishings for 
looseness of attachments and fittings. Any small constant rattle or 
noise will add to the sound level and annoy the passengers. 

2: Replace door strips at first signs of deterioration. Small cracks in 
the stripping will allow a large percentage of outside noise to enter the 

Con/raf rod (or tube) 



cabin. Inspection'in flight will often reveal faulty stripping which can¬ 
not be detected on the ground. 

36. Miscellaneous Equipments- -Under this heading may be 
listed the following: 

1. Fire-fighting equipment (see Fig. 20). 

2. Flares. 

3. Control-surface locks. 

4. Engine covers. 

5. Chart boards. 

6. Tables for passengers. 

7. Serving trays. 

37. De-icers. —These items of special equipment are becoming 
more and more important as service becomes more regular, and 
as service altitudes are increased. 

The dedcing system of the Douglas DC3-178 is as follows: 

1. Carhureior de-icing is accomplished bj’- pumping alcohol into the throat 
of the carburetor just above the venturi opening. Two Auto Pulse pumps, 
one supplying each carburetor, are located on the wall back of the pilot and 
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pump alcohol from the supply tank to the carburetors. The control switch 
for the Auto Pulse pumps is located on the upper left electrical panel, forward 
and above the pilot. The alcohol tank of 3-gal. maximum capacity is located 
over the cargo-loading door and is filled from the inside. A valve near each 
pump, located on the wall just inside the pilots’ door, regulates the flow into 
the carburetor. 

2. Windshield de-icing is effected by pumping alcohol from the supply 
tank into small lines filled with holes which encircle and spray the outside 

(a) (b) Cc) (d) 

Fig. 15.—Typical wing flaps, (a) .Handley page slot and flap; (5) Fowler variable 
wing area; (c) zap flap; (jd) split flap. 

of the front outboard and the sliding side windows. Pumping is accom- 
phshed by the use of a small hand pump bracketed below the right window 
where the copilot may operate it. The pump supplies both right and left 
windows, and a valve just belovr each sliding window regulates the flow of 
alcohol in'the lines. 

3. Piping for an alcohol or alcohol-glycerin propeller slinger de-icer is 
installed from the pilots’ compartment to the nacelle fire walls. 

Figure 21 shows a mechanical de-icer for the leading edge of 
wings. 

The mechanical de-icer* is composed of several parts, namely, 
the air pump, the oil filter with relief valve, the distributing 
valve, and the rubber overshoes. 

•The design of the pneumatic overshoe consists essentially of 
several layers of rubber and fabric which form tubular air cells. 
These cells’ with their covering are fitted to- the surface of the 
airfoil so that the tubular cells are parallel to the surfaces to be 
protected. The number of the longitudinal parallel cells in each 
surface covering depends on . the form and area to be protected. 
The removal of the ice formation is accomplished by periodically 
inflating and deflating the tubular cells, progressively, not 
simultaneously. The constant movement of the surface cover¬ 
ings and the stretch of the rubber breaks the ice as it is formed 
and it is carried away 'by the air stream. In this manner the 
formation of ice is checked. These overshoes were designed 
by the B. F. Goodrich Rubber Cpmpany. 

JOB' UNITS 

Job Unit 1. Study of Airplane Structural Types by Observation 

Object : To study the modern structural types of airplanes. 
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Method: By visiting an airport and studying structural types of airplanes 
by observation. 

Ii^reparation for a class visit to an airport, the instructor should obtain 
permission in advance for his class to enter each of the hangars and inspect 
the airplanes therein. Generally an assistant will be detailed to 'conduct 
the class around and answer any questions the students may ask. Each 
student should provide himself with a notebook having a , stiff cardboard 
back for use in making sketches while standing. 



Martin 167. (^Courtesy of The Glenn L. Martin Company.) 


For each airplane studied the student should make an outline as follows: 

1. Name of airplane. 

2. Name and address of manufacturer. 

3. Horsepower, approximate weight. 

4. Span, length and chord, wing area. 

5. Passenger, freight,' mail,' sport plane, etc. 

6. ^ Biplane, monoplane, etc. Low mng or high wing. Draw front-view 
and side-view sketches. 

7. Type of structure of wings, 

8. Type of structure of fuselage. 

9. Type of landing gear and shock absorber. 

10. Other information of interest and value to a mechanic. Jot dowm the 
answers to questions which may be of use later in the W'ork. 
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11. Make a report for the trip, arranged in a neat form, to the instructor 
within two or three days after the trip. In connection with each airplane or 

Manual acfuafmg lever 
\\'^"''Tr/gger control ra/se or lower 


Manual 
'/ c/r/ve clutch 
I positive engage- 


, RH. retracting'screw 


■ ^Control lever 
/ (in cockpit) 


Motor drive 
clutch positive' 
engagement. > 


Thermoid 
un i versa Is, 


LH retracting' 
screw 


•"Motor assembly^eclipse 
""-Motor switches 

17 .—Example of landing-gear retracting mechanism. (Boeing 247.) 
The retracting mechanism is shown diagrammaticaUy and consists essentiaUy 
th-e following units: A reversible-action, • double-acting ratchet-type actua^g 
handle on right side of pilot’s cockpit; positive-type engaging ^ 

actuating lever located on control stand in pilot s cockpit; and a series of 
tubes carried in ball-bearing gears for drivmg the retractmg screws. (^Courtesy 
of Boeing Air.plane Company.) 



group of airplanes of a certain structural type, include a summary of the 
• information a mechanic must possess to make any repair on the structure. 
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Job Unit 2. Library Study of Structural Types of Airplanes. 


Object: To study modern structural types of airplanes. 

Method: By the use of library references, such as periodicals and books. 




WTien a new-inodel airplane is placed before the public, aeronautical 
periodicals carry photographs and descriptions of its characteristics. The 
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best information on existing airplanes may be obtained, therefore, by refer¬ 
ence to these periodicals. 

1. The instructor may have some one look through copies of available 
aeronautical periodicals not more than one year old and make a list of articles 
on new-type airplanes. The name of the periodical and date of the issue 
should be listed. 

2. Assign one student to each article for careful study of the article. 

3. The student should select important structural details of interest to 
mechanics and prepare these details for a report to his class. 

4. About 5 to 10 min., if the size of the class will allow, of the class period- 
should be allowed each student to make his report and answer questions 
propounded by other students. Discussions of the merits of different types 
of construction should be encouraged. 

Review* Questions 

1 . Name the fundamental parts of an airplane. State the function of 
each part. 

2 . Name seven structural types of airplanes. 

3. How do wings develop lift? 

4. How does a propeller develop thrust? 

6. How is a propeller section similar to a wing section? 

6. Name the control surfaces, state how each is operated, and explain 
the aerodynamic theory of operation. . 

7. What is the purpose of a wing flap ? 

'8. How do the trimming flaps operate? 

9. Name the usual instruments of an airplane cockpit. 

10 . Explain the methods of soundproofing a cabin. 

References 

1. Chatfield, C. H., C. F. Taylor, and S. Ober, “The Airplane and^ 
Its Engine,” McGraw-Hill Book Company, Ine., New York, 1940. 

2. “Janes All the World^s Aircraft,” Sampson Low, Marston and Com¬ 
pany, London. 

3. “The Aircraft Year Book,” Aeronautical Chamber of Commerce of 
America, Inc., New^ York. 

4. Jones, B., “Elements of Practical Aerodynamics,” John Wiley & 
Sons, Inc., New York, 1939. 

5. Nomenclature for Aeronautics, Report 240, National Advisory Com¬ 
mittee for Aeronautics, Washington, D. C. 

6. Annually, the periodicals Aero Digest, Aviation, and Western Flying bring 
out issues that catalogue thoroughly current airplanes (except new military). 

Questions for Thought and Study of References 

1 . Name the two principal requirements for an airplane structure. 

2 . lATiat is meant by a “clean” design? 

3. State the chief advantages of (a) a high-wing monoplane; (Z>) a low'- 
wing monoplane. 



Sec. 37] 


AIRPLANE PARTS AND EQUIPMENT 


39 


4 . Why are thick wing sections used for cantilever monoplane wings? 

6. What is a tractor airplane? 

6. List the relative advantages and disadvantages of biplanes and 
monoplanes. 

7. Define ^'streanalined section.” 

8 . Define parasite drag, yaw, dihedral incidence, angle of attack, three- 
point landing, aerodynamic efficiency, and structural efficiency. 

•9. W^'hat is wing flutter? Aileron flutter? 

10. WTiat is '^buffeting?” 



CHAPTER IV 


STATIC AND DYNAMIC TESTING 

Testing an airplane structure for strength under stationary 
conditions is called static testing, and under moving conditions,- 
dynamic testing. The importance of the study of structural 
testing may be listed as follows: 

1. In no other mode of transportation is.the strength of the structure of the 
vehicle so important as in the airplane. One of the first jobs of the mechanic, 
as a student, is to learn to appreciate this fact; It should become a kind of 
“second nature’.’ with him to consider the structure of the airplane in terms 
of the many types of loads it must carry. No other form of instruction wdll 
give the student a fuller appreciation of the requirements of the structure 
than static and dynamic testing. 

2.. Frequently it becomes desirable to alter a part of an airplane structure; 
for example, a control surface, a part of a landing gear, or a part of the fuse¬ 
lage, for a special purpose. These are design problems and as such are 
governed by CAR Part 04. (See Structural Tests.) The change may be 
allowed, provided the structure is’ tested in the specified manner in the 
presence of an inspector. 

3. Testing of students^ repair work in the laboratory teaches an appreciation 
for the fundamental requirements. Let the student see for himself why his 
work is good or bad. 

38. Scope of Tests, —The ideal, in testing, is to simulate, as 
nearly as possible, the actual loading conditions required for the 
part of the structure to be tested. The loading requirements 
specified by the Civil Aeronautics Administration, the Army Air 
Forces, or the Navy, were determined by numerous experiments, 
and after many years of experience. Specifications may be 
found for the fpllomng tests (the load in each case is specified): 

1. Controls and control wires. 

2. Center of gravity and balance tests. 

3. Wing ribs. 

4. Seats and their supporting structure. 

5. Leading edge of wing. 

; 6, Wing structure under various flying conditions. 

7. Control surfaces. 

8. Landing gear and tail wheel. 

9. Fuselage. 


40 
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39- Principles Involved. —These may. be listed as follows: 

1. Simple proportion is required for dividing the load into the proper pro¬ 
portion on the surface to be tested. 

2. The load, in the static testSj should he applied very slowly as impacts in 
applying the load -may cause the structure to fail prematurely. The usual 
procedure is to support the structure and the load by several jacks while 
the load is being applied. The jacks are then all lowered, simultaneously, 
quite slowly, until they are free. 

3. The test should he arranged so that in the case of a failure, the erntire 
structure will not collapse as it is desirable to note the first point of failure, 
which is the. weakest point of the structure. It is the usual practice to 
lower the jacks so that thej'- are barely clear of the structure. 

4. To obtain as much information on the strength of the structure as possible, 
when the first failure occurs, the jacks should be raised to carry the load; 
the load should be removed, and the failure should be repaired (“beefed 
up”)> so that it will not fail at that point again. This procedure ma3' be 
followed for the first several failures. 

40. Center of Gravity. —The importance of this study is as 
follows: 

1. The loads, in static tests, are applied with reference to the center of 
gravity of the load. 

2. The airplane must be properly balanced in the air. This means that 

the center of gravity of the airplane must be located quite near the center 
of lift of the wings. An unbalanced loading of an airplane is dangerous. 
Modem transport airplanes are loaded according to a definite balance 
schedule. • . 

41. How to Find the Center of Gravity. —Tw’o principles are 
c.onveniently used for finding the location of the center of gra\dty; 
they are: 

1. The principle of the lever. ■ 

2. The assumption that the entire weight of the body is concentrated at 

the center of gravity of the body. This is equivalent to assuming that the 
structure has no 'weight, and the w’eight is a force applied at the center of 
gravity of the bodj''. ’ ' 

For example, consider Fig. 22. We represent the tveight of 
the airplane by the fine TF wdth ah arrow representing the force 
acting downward. (This line representation of a force is called 
a vector.) We represent the loads on the scales by vectors 
Wi and TF 2 . Then, by the principle of the lever, we have 

TF "X a = TF 2 X L 
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From this, a = TFaL/TF. But W Wi + W 2 , the total weight 
of the airplane. (The weight TFi is the sum of the weights indi¬ 
cated by two scales, one under each landing-gear wheel.) 

This line TF is a vertical line passing through the center of 
gravity. It locates the longitudinal position but not the vertical 



position of the center • of gravity. ’ However, if the airplane is 
nosed over, and the scale of Fig. 22 is placed under the nose, 
then the location .of the vertical line through the center of gravity 
may be found by the application of the principle of the lever, as 
noted above. The intersection of this line with the previous 
line found will be the center of gravity of the airplane. 
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To locate the center of gravity in the airplane it will probably 
be necessary to lay out the distances a andZ/ and the hues through 
the center of gravity on a side view of the airplane, drawn to a 
known scale (see Fig. 23). 

42. Static Test of an Aileron. —Specifications for aileron static 
testing are given by the’Army,, the Navy, and the CAA. See 
Civil Air Regulations for tests on commercial airplanes. These 



.Fig. 24.—^Aileron chord distribu- Fig. 25.—Relation between average 

tion. , load and maximum load. 


regulations are changed frequently and are relatively comph- 
cated, making it impractical to present the details in a text. 
The students should obtain the specifications from the one of the 
three sources in which he is interested. 

The following example illustrates the fundamentals involved: 

Assume the load is distributed as in Fig. 24 and that an 
average load of 12 lb. per square foot is specified. 



Since the loading is specified in pounds per square foot, the diagram, 
Fig. 24,.represents the loading for one foot width of the aileron: that is, 
one foot measured along the torque tube. With reference to Fig. 25, the 
total miniTm irn loading for this foot width is, ^^;av(a + &), in which 
is the average loading per square foot (in this case specified as 12 lb.), 
a is the distance from the hinge to the leading edge, and h is the distance 
from the hinge to the trailing edge. Both a and h are in feet. Assume 
for this example, that a is 1 ft. and 6 is 2 ft., then the total load per 
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foot on the aileron at this section is 12(1 + 2) = 36 lb. This '3646. 
load must be distributed according to Fig. 24. ^ It is necessary there¬ 
fore that we find (Fig. 25). It is found as follows: 

' The total loading is w^{a + (?>/2)]- This, as we -have noted is 
36 pounds, thus X [1 + (2/2)] = 36, or — 18 lb. per square 
foot. If the aileron chord is not uniform, this calculation must be made 
for each foot of the aileron, a and b being measured at the center of each 
foot of the aileron (see Fig. 26). For the test proceed as follows: 

1. Support the aileron in a flying position by the hinges and control 

wdres. It will be convenient to set the aileron in a jig provided for the 
purpose (see Fig. 27). • 

2. Mark off the aileron as in Fig. 26. 

3. Lay out the sand or shot bags on the floor to correspond to the 
loading schedule of Fig. 26, the load to be forward of the hinge for 
each section A, B, C, etc., and the load to be in the rear of the hinge for 
each section, 

4. Cut several wooden templateSj and pad with felt, to use in support¬ 
ing the load by jacks while loading (see Fig. 27). 


Jig to support 
off/erons at 
Aileron t?inges\ 
control ! 


wire 
Puliey- 


’Aileron horn 
yTorofue tube 


Sand or 
shot bags 



Fig. 27.—Static-test setup for aileron. 

5-. With the aileron rigged in place, and the supporting jacks in place 
’apply the load according to the schedule. 

6. Lower all the jacks at .the same time, slowly, until the aileron 
carries the load. 

7. If there is a failure, screw the jacks up again, remove the load, 
and examine. 

8. If the failure is not in the strength members of the structure but is 
only of a secondary nature, re-apply the load and continue with the test. 

43. Aileron Load Corresponding to Control Forces.—The rela¬ 
tion between the aileron loading and the control- force required 
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by the. pilot or the control mechanism is important. This 
relationship may be calculated as follows, assuming, for example, 
a force .of 80 lb. exerted by the pilot. (Note: The student 
should consult the latest specifications by the Army, the Nav^^, or 
the CAA for requirements of actual service testing.) 

1, Calculate the pull on the aileron control wire. (See Fig. 28.) We use 
the principle of the lever here. For example, in a, we have 80 X R = P X r. 
If iS = 30 in. and r = 5 in., then P is 480 lb. In the case of the wheel 
control, we have two levers apph^-ing the load P (see Figs. 286 and 28c). 



Fig. 28 .—Leverage on aileron control wire. 


In this case Pr = 80 X P + 80 X P = 80 X P. For example, if the 
diameter of the wheel is 12 in. and the radius r of the control-wire pulley 
is 2 in., P is 480 lb. 

2. The weight is placed on a platform A, as noted in Fig. 27 (P includes 
the weight of the platform). If the 12-lb.-loading schedule lifts the weight 
P from the floor, then the 12-lb, schedule is the test schedule. Increase P 
therefore so that it will not be lifted from the floor, and continue the test. 

3. If the load P is not lifted from the floor it means that the loading 

schedule must be increased. To find this increase, remove weights from A 
until it barely lifts from the floor. Note the -total load remaining. Call 
this p. For example, if P is 480 lb. and p is 240 lb., then the loading schedule 
must be doubled, making, in this case, 24 lb. per square foot. Also Wm&y: is 
doubled ; and in all cases the loading is increased in the same proportion as 
the loading schedule. . . ■ 

4. The loading schedule may be calculated directly, but this is not so 
simple, especially if the aileron is nonuniform in chord. 
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44. Static Test of Stabilizers and Elevators.—Specifications 
for static testing of stabilizers and elevators are given by the 
Army,, the Navy, and the CAA. These regulations are fre¬ 
quently changed and are relatively complicated, making it 

Load on -fixed surface 
1.75 area of fixed surface 

I Cenl-roicl o-f hading area 
sho 'A/n is 0.395C from 
I leading edge 

L hinge 

Fig. 29. —Tail-load chord distribution. Forward portion. 



surface 

Fig. 30. —Tail-load chord distribution. Rear portioni 
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Fig. 31. —Relation between, maximum load and average load. 


impractical to include these in detail in an elementary text 
such as this. A simplified case is illustrated as follows: 

See Figs. 29 and 30 for two assumed simplified loading condi¬ 
tions. 

In the rear position (Fig. 30) the maximum load is com¬ 
puted as follows: 

Refer to Fig. 31. The total load per foot width is 

i^av(a + 6 -{- c) 

The total load computed on the basis of is, 
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Equating these two expressions, we have 

'ItJmax 2 2^ ~ “j- Z) + c) 

^ _ (g + Z> + c) 


from which 


(‘ + 5 + 1 ) 


For example, if is 20 lb. per square foot, g is 2 ft., & is 1 ft., and 
c IS 2 ft., then = 20 -f. i 4 - ^ lb. per 

square foot. 

The test is carried out as explained in.Par. 42 for the aileron, 
and in Par. 47 for a wing. 

In computing the loading required to meet the specified condi¬ 
tions. of forces on the controls, proceed as in Par. 43. 

46. Static Test of Fin and Rudder.—For. this test it wdll be 
necessary to support the fuselage on its side. If a separate test 
is to be made on the rudder, however, it will be more convenient 
to support it by the control wires and hinges, in a jig, similar 
in nature to that for the aileron shown in Fig. 27. The loading 
schedule is assumed. The distribution is specified as in Fig. 30. 

The procedure for the remainder of the test is as outlined in 
Pars. 43 and 44. 

46. Static Test of a Wing Rib.—See specifications of Army, 
Navy, or CAA for specific service tests. These. specifications 
are frequently changed, so it is important that the latest require¬ 
ments should be available. Only the elementary principles can 
be presented here. . % 

For this test the wdng rib is supported upside dowm by a jig, 
simulating the spars of the wring (see Fig. 32). The load is 
apphed by straps, as noted in the figure. The load should be 
assigned by the instructor. The distribution of the load is 
usually specified in terms of concentrated, loads, applied at 
specified percentages of the chord length from the leading edge. 

The procedure in the test is as follows: 

1. Set test stand out on the floor, near blackboard, where it is clear on all 
sides. Place horse or blocking under loading sling, with about 1 in. clearance. 

2. Lay loading harness on floor and slide rib in place. Rib should be 
inverted. Place rib and harness on stub spars on stand. Adjust clips to 
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prevent rib from twisting when load is applied. Adjust load distribution 
stirrup so that hangars are all parallel arid vertical. 

3. Assign one man to chalk up weights and tw-o men .to load. The load 
should be increased 10 lb. at a time at intervals of 5 sec. Make sure that 
harness does not swing during loading. It must hang stationary. 

4. Build up load until rib collapses. The last load unit added should 
not be included in the total breaking load. The breaking load is the ulti¬ 
mate strength of the rib. Include the weight of the harness. 



Fig. 32.—Static-testing a wing rib. {Courtesy of Boeing School of Aeronautics.) 


5: Note points where fracture occurs, and type of failure. If more than 
one rib is tested, take the lowest breaking load, not the average, for use in 
the calculations. 

6. Knowing the design load (determined as noted above hy instructor) 
and ultimate strength, calculate the margins of safety for. the rib.in each of 
the design conditions. 

- j: j: . ultimate strength 

Margin of safety = -=—;-^-1 

design load 

For example; In a high angle of attack the design load is 295 lb. The rib 
may stand 350 lb., in which case the margin of safety wmuld he — 1 = 

0.X8 or 18 per cent. ♦ • ^ 

7. Determine the strength-weight ratio. The strength-w-eight ratio, or 
as it is often termed, the figure of merit, is the ratio betw’een the ultimate 
strength and the weight of the structure tested. 
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^ ultimate strength 

Strength-weight ratio - weight — 

An example of strength-weight ratio calculation is as follows: 

Ultimate strength = 350 Ib. 

Weight of rib =73^ oz. 

Strength-weight ratio = — 746 

8. Write up report on test, including ultimate strength obtained, margin 
of safety, and strength-weight ratio for both loading conditions. 

47. Static-testing a Wing.—The portion of a tving covered 
by the fuselage, engine nacelle, etc., and the tips of the vdng do 
not carry their full quota of load. W^hen the area of the wdng is 
reduced to pro\dde for this condition, the remaining area is 
called the effective wing area. The effective wing loading is the 
gross weight of the airplane di- 
\dded by the effective wing area. 

This loading is the basis for design 
and static tes'ting. The effective 
wing loading is generally taken as 
pounds per square foot. The 
total load along the chord of any 
section of the wing in pounds per 
foot width will be the wing load¬ 
ing (pounds per square foot) multiplied by the chord in feet. 
The distribution of‘the load along the chord is made to simulate, 
as nearly as practicable, the actual distribution for the specified 
flight condition. 

Specifications for static testing of wings are given by the 
Army, Navy, and the CAA. These are frequently changed in 
accordance with the latest requirements and in most cases have 
become very coniphcated, making it impractical to present these 
in an elementary text. The student may learn much from the 
following simple example. 

This example of static testing of a wing vrhich w^e give here is 
one w^hich is a classic in aeronautical literature. The test w^as 
made at Wright Field, the aeronautical experimental station of 
the U. S. Army Air Forces, in the development of the corrugated- 
stressed-sHn-box-beam type of construction. This example is 
used because of its simplicity, neatness, and exactness. The 
procedure was as follows: 


1 w 
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w 

A 


X L 







Fig. 33.—Approximate chord¬ 
load distribution in the static test 
of a wing. 
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1. The chord load was distributed according to the Army requirements. 
The basic load (effective wing loading) was 7 lb. per square foot. The test 
was carried to destruction by increasing the load by a load factor of two for 
each test up to a failure at 11 factors; that is, 11 times the basic load of 7 lb. 
per square foot, or.77 lb. per square foot.^ 

2. A loading schedule was computed (see Fig. 34). As an example of the 
computation, consider a section at the root of the wing. The length of the 
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Fig. 34.-—Example of load schedule in the static test of a wing. 


chord at the root section is 44 in. If the leading and trailing edges of 
the wing were extended at the tip, the tip chord would be 22 in. The length 
of the tapered portion of the .wing, as noted in the figure is 152 in. Since the 
wing tapers 22 in. in 152 in., the taper per inch is 22 divided by 152 which 
is 0.145 in. Thus the length of the chord at the middle of section A is 
(44 — X 0.145) = 42.0 in. = 3.5 ft. The area of the section is 
(3.5 X 2 J^2) = 7.87 sq. ft. Thus the basic load for the section is 

7,87 X 7 = 55.09 lb. 

For a load factor of 2, the load required is 2 X 55.09 lb. = 110.18 lb. 
However, the wing itself weighs 1.3 lb. per square foot, and it acts as a part 
■ of the weight. Thus the weight of the portion of the wing designated by A 
is 5.87 X 1.3 = 10.23 lb. Hence, the total load to be applied is slightly less 


^ The wing was designed for a small monoplane of gross weight of 532 lb., 
wing span of 27 ft., and wing area of 76 sq. ft. A load factor of 11 requires a 
load of 11 X 532 lb. or 5,852 lb. total on the wing. 
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than 100 lb. According to Fig. 33, this load must be divided into four parts. 
The result is approximately 25 lb. per part. Section F (front section of 
Fig- 33) is assigned two parts designated in the loading schedule (neglecting 
the fraction) as 49 lb. M and R (middle and rear sections of Fig. 33), as 
may be noted, are scheduled for 25 lb. each. The schedule table of Fig. 



Fig. .35.—Preparation for static test of a wmg. {Courtesy of U. S. Army Air 

Forces.) 



Fig. 36.—Static-testing a wing. {Courtesy of JJ. S. Army Air Forces.) 

34 may be completed in the same manner as illustrated in the sample 
calculation. 

3. Figure 35 shows the wing supported upside down by the fuselage wing 
fittings. The jacks are in place to support the load while the load is being 
applied. To prevent local failure of the wing skin by the jacks, three tem- 
.plates of wood are cut to fit the contour of the wing section, and then padded 
with felt. The jacks, as noted, are applied to these templates. 

The sand and shot bags are laid out on the floor according to the schedule 
of loading (Fig. 34). Wooden scales are suspended from several points on 
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tiie wing. A surveyor’s transit, not shown, is set so that the movement of 
each scale may be read, thus giving the deflection of the wing at all scale 
points. ■ 



Fig. 37.—; Wrinkling of * wing skin, indicating a structural failure under: 
(Covriesp of U. S. Army Air Forces.) 



lexnovea, snowing tiie structural failures indicated in Fig. 37. 
{Courtesy of XJi. S. Army Air Forces.) 


4. K^re 36 shows the scheduled load applied to the wing. Figure 37 
shows the wrinkled skin indicating a faUure of the supporting' structure 
underneath m compression. Fi^re 38 shows the skin removed, and how 
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the corrugated supporting .structure failed in compression by wrinkling at 
the joints and at rivet holes. 

48. Static Testing of. Other Structural Parts.—Static testing 
i-s not limited to the tests described'above. If the distribution 
and nature of the loading on a structure are known, the structure 
may be set up in jigs and the load apphed to satisfy the required 
condition. For example, the determination of the efficiency of a 
splice in a cable (see .Job Unit 51) is a static test. The tests 



Fig. 39.—Static test of a leading edge. The test-load bars are of lead. {Courtesy 
of U. S. Army Air Forces.) 


illustrated in Figs. 120, 135, and 141 are static tests to determine 
the strength characteristics of a structural part. 

The static testing of riveted joints is a very good exercise in 
the study of riveting. As a matter of fact, most of the repairs on 
metal structures made- by students as exercises may be static- 
tested for comparison vdth the strength of the original structure. 

Figure 39 shows a static test of a leading-edge section of a 
wing. The test bars are of lead. In this case it was impossible 
to use jacks to catch the load, hence the total collapse. 

Figure 40 shows the loading for testing the leading edge of a 
small wing. 

Figure 41 shows a static test of an engine mount. 
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49. Dynamic Testing.—An example of dynamic testing is the 
landing-gear test. In this test the ability of the wheels, tires, 
shock absorbers, etc., to withstand the landing loads is deter¬ 
mined. For example, consider the test, originated at Wright 
Field, for combining the shocks of landing cross wind. See 


Load 



Courtier balance 

o oo o oo_g 


(«) 



Fig. 40.—Static test of a leading edge. 


Fig. 42. (The latest specifications on this test are not available 
for publication at the present time.) 


1. Arrangement for Test .—The landing gear will be fastened securely 
to a heavy frame or to the fuselage, which is hinged at the tail end. 
The angle which the frame makes with the horizontal when the wheels 



Fig. 41. Static test of an engine mount. The test-load bars are of lead. 
(^Courtesy of U. S. Army Air Forces.) 


are resting on the floor wdll be such that the center of gravity of the 
complete airplane will be vertically above the point of tangency of 
the wheels. To simulate the combination of direct load and side 
thrust, an auxiliary platform is placed under the wheels, built at an 
angle of 2}4 degrees to the horizontal. The hinge at the tail end is 
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such as to allow for this angle, so that on impact the ratio of side load 
to down load is 1 to 6. 

2 . Loading .—Provision is made on the frame for so placing a load that 
the total load supported by the landing gear will be equal to the normal 
load on it when the airplane is in flying position. The load on the 
wheels will be determined with the frame or the fuselage in a horizontal 
position before the setup is complete. The difference between this load 
and the normal landing-gear load will be distributed at four points— 
engine bed, gasoline-tank cradle, wing attachment, and cockpits—^in 
proportion to these respective loads in the complete airplane. 



Fig. 42. —Dynamic test of a landing gear. iCourteay of U. S. Army Air Forces.) 

3. Procedure .—^With all the load securely tied in place, the frame is 
raised a total of 6 in. and released, repeating the test and increasing 
the height of drop by successive increments until failure or the required 
height of drop is attained. 

Review Questions 

1. Define static and dynamic testing. 

2. Where may specifications for static testing of airplane parts be found? 

3. Explain how to find the center of gravity of an airplane. 

4. Why is the location of the load in a transport airplane (passengers, 
mail, baggage, etc.) important? 

6 . What are the loading requirements for the static test of an aileron of a 
commercial airplane? 

6. "V^^at strength is required of aileron control cables in a commercial 
airplane? 

7. What is .a load factor? 

8. How is the static-test load applied on an airplane structure? 
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9. How is the side thrust on airplane wheels in a cross-wind landing 
simulated in the dynamic test of a landing gear? 

10. How would you static-test a riveted joint? (See Job Unit 24.) 

References 

1. Airplane Airworthiness of Civil Air Regulations, CAR Part 04, Civil 
Aeronautics Administration, U. S. Department of Commerce. 

2. Handbook of Instruction for Airplane Designers, Structures Tests, 
Air Corps, U. S. Army. (Not available to the public.) 

Questions for Thought and Study of References 

1. Describe the drop test (dynamic test) for landing gears as specified by 
the CAA. . (See Ref. 1, Sec. 42.) 

2. Describe the CAA tests specified for tail surfaces and ailerons. (See 
Ref. 1, Sec. 31.) ‘ 

3. Describe the test specified for wing ribs. (See Ref. 1, Sec. 24.) 

4. Describe the CAA tests for the control system of an airplane. (See 
Ref. 1, See. 35.) • 

6. How is the wing loading computed? (See Ref. 1.) 



CHAPTER V 


PROPERTIES AND USES OF METALS 

Metals have properties most suitable for modern airplane 
construction. A knowledge of these properties is required in 
maintenance, since it is necessary to preserve the original physical 
properties during reconditioning or repair of metal structures. 

50. Properties of Metals.—The essential properties (called 
mechanical or physical properties) of metals are: 

1. Strength. 5. Fatigue resistance, 

2. Elasticity. 6. Durability. 

3. Ductility. 7. Hardness. 

4. Toughness. 

These properties are influenced by alloying the base metal; 
that is, by introducing into one metal, generally in the melted 
state, other elements, iUloying is a phase of metallurgy, a 
subject which is beyond the scope of this text. See References 
at the end .of Chap. VI for bibliography on metallurgy. 

51. Strength.—When a material has the ability to resist the 
external loads imposed, it is said to have strength. The internal 
resistance to applied forces, usually expressed as pounds per 
square inch, is called stress. For example, if a load is suspended 
by a rod, the stress is the pounds load di'vdded by the area of cross 
section of the rod in square inches. The maximum strength 
of a material is called its ultimate strength. The stress calcula¬ 
tion is based on the original size of the material. 

52. Elasticity.—^All materials vdll stretch, compress, bend, 
shear, or twist under applied loads. These distortions are called 
strain. If the loads are not too great, the materials vdll return to 
their original shape when the loads are removed.' The deforma¬ 
tion of aircraft metals under load is proportional to the applied 
load. This ratio is called Hooked law. 

The index of elasticity is termed the modulus of elasticity, often 
referred to as Young’s modulus. It is generally designated by 
the letter E. The rnodulue of elasticity is the stress divided by the 

57 
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strain 'per unit length. For example, if a 3000-lb. weight sus¬ 
pended by a steel wire 100 in. long and 0.1 sq. in. in cross-sectional 
area stretches the wire 0.1 in., the modulus of elasticity, is 
computed as follows: The stress is the load, 3000 lb., divided by 
the area, 0.1 sq. in;, which is 30,000 lb. per square inch. The 
unit strain is the stretch per inch. If the stretch per 100 in. is 
0.1 in., the stretch per inch is 0.001 in. Hence, 

_ stress 30,000 , 

jE — —^ 7 —I—^ = K KA-i " = 30,000,000 lb. per square inch 
umt strain 0.001 ’ ’ ^ ^ 

A high modulus of elasticity indicates stiffness, a low' modulus 
indicates flexibility. To illustrate this fact, the following experi¬ 
ment may be performed: 

Select strips of sheet }4 in. thick, 3^ in. wide, and 20 in. long; 
one strip each of steel, aluminum alloy, and magnesium alloy. 
Clamp each strip side by side on a flat table top so that the 
extension beyond the table is 18 in. and there is freedom to flex 
in the vertical direction. On each free end of these strips fasten 
a half-pound weight. Comparison of these loaded metal strips 
shows an appreciable bend in the steel; aluminum about three times 
the deflection of steel under the same weight, and magnesium 
about times the deflection of the steel strip. We note that the 
corresponding moduli of elasticity (Table II) are 29,000,000 lb. 
per square inch, 10,300,000 lb. per square inch, and 6,250,000 lb. 
per square inch, which have the inverse ratio of the magnitude 
of deflections. 

Table II.— Modulus of Elasticity of Airplane Metals 
(Average Values) 


Ej Pounds per 

Metals ^ Square Inch 

Magnesium alloys. 6,250,000 

Aluminum alloy 24ST, 17ST.'. 10,300,000 

Copper (drawn). 18,000,000 

Monel. 25,000,000 

Chrome-molybdenum steel.•. 29,000,000 


Hooker's law of the proportionality of stress and strain does not 
hold for the full strength of the metal. The limit of the stress, 
greater than which the law does not apply, is called the propor¬ 
tional limit. For standard aircraft materials, the proportional 
limit is the same as the elastic limit. The elastic limit of a mate¬ 
rial is the minimum stress at which the material suffers a permanent 
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set; that is, it will not return to its original shape and size when 
the load is removed. 

The elastic limit of aircraft materials is about 60 to 80 per cent 
of the ultimate strength. 

53. Ductility.—A metal which flows readily under pressure 
or deforms under load is said to possess ductility. The measure 
of ductility is strain —the deformation caused by the applied load. 
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Fig, 43.—Stress-strain curve, showing physical properties of mild steel. 


A tension load produces a stretch and reduction of cross-sectional 
area; a compressive load causes the length to decrease and the 
cross-sectional area to increase; a bending load produces a 
deflection; torsion causes the member to tvdst through an angle. 

.54. Stress-strain Relation for Metals.—The relation between 
load and deformation is shown on a typical stress-strain curve, 
Fig. 43, which graphically represents the behavior of the metal 
within the accuracy of testing equipment. 

The ultimate strength (or stress) is not the failing stress because 
the ultimate strength is calculated on the basis of the original 
area. As the member stretches, however, the area of the cross 
section becomes less, necks down. The stress at failure based 
on the reduced area would be the maximum stress. 

55. Toughness.—A dictionary definition of toughness is 
‘^having the quality of flexibility without brittleness.’^ A tough 
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metal is one which will stretch, under tension, before breaking. 
The magnitude of stretch indicates the magnitude of toughness. 
The woT'k {or energy) required to stretch a specimen till it breaks is a 
measure of its toughness. The energy expended in stretching a 
specimen is the average force required times the strain. . A little 
study will show the student that-the area (Fig. 43) between the 
stress-strain curve and the strain axis is a measure of the energy 
expended in stretching the specimen to the breaking point. Thus 
of several materials, whose stress-strain curves are plotted on the 
same chart, the one having the greatest area between the curve 
and the strain axis is the toughest. 

Toughness is also determined by dropping a weight on a 
standard beam of a material from increasing heights until the 
impact is sufficient to break the beam. The height of drop times 
the numerical value of the weight, which is energy, is the measure 
, of the toughness of the material. This is called the impact test. 
In most metals, high strength is obtained at the expense of toughness; 
that is, in general, high-strength metals are more brittle than 
low-strength metals. This is not true, however, for stainless 
steel. 

56. Fatigue Resistance.—The property of, metals which 
enables them to withstand repeatedly applied loads or reversals 
of loading is called fatigue resistance. When a metal is subjected 
to a repetition of loading which exceeds the yield strength of the 
metal, gradual fragmentation becomes evident. This condition 
is revealed by microscopic • changes similar to those appearing 
in Fig. 44. Incipient cracks develop as slippage increases to ’a 
point of separation in the crystals. If the stress is low enough, 
the repetition of loading or reversal of stress may be continued 
indefinably without failure. The highest stress wdiich permits 
this indefinite repetition of loading or reversal of stress is called 
the endurance limit of the material. This endurance limit is' 
always less than the yield stress of the metal. 

An^’" surface condition which localizes stress, such as tool 
marks, surface scratches, forging defects, file marks, and sharp 
corners, hastens fatigue failure. These defects are called stress 
raisers. 

The importance of fatigue resistance is obvious w^hen one 
considers that all structural parts of an airplane are subjected to 
severe vibration. 
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57. Durability.—A durable metal is one which resists chemical 
attack 0 ,nd mechanical wear. The usual form of chemical attack 
is corrosion. Corrosion causes pitting. Pitting reduces the 
fatigue resistance of the material. 

Corrosion is prevented by plating the surface vdth chromium, 
nickel, copper, or by applying the anodic treatment (see Par. 68 ). 
Alclad (see Par. 68 ) is designed to prevent corrosion. In general, 



Fig. 44.—Slip planes in fatigue failure of axle after 1,670,000 cycles of stress. 

Magnification 4 X- .Origin of failure at _4. 

vdth the exception of a copper-plated surface, the plated surface 
has requisite hardness to resist wear more effectively than the 
base metal. . 

Impacts of abrasives which are picked up from the ground and 
carried in the air stream against metallic surfaces produce 
scouring j 'which lowers the fatigue resistance of the metal. Lead¬ 
ing edges of airfoils, and empennage parts are areas affected. 
It has been found that scouring may be prevented by applying 
a sheet of rubber over the affected parts. Rubber absorbs the 
impact of abrasive particles more effectively than metal on these 
parts so long as the rubber remains fully resilient. Rubber which 
has hardened due to weathering readily cracks and has doubtful 
value in preser'ving the metal under it in durable condition. 
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A hard surface is the only safeguard against excessive wear. 
Hard surfaces are invariably brittle. The best wear-resistant 
surfaces are obtained by heat treatment or by electroplating 
(see Par. 67). 

58. Hardness.—Hardness has come to mean several properties, 
that is, resistance of a material to indentation and penetration, 
resistance to abrasion and wear, resistance to cutting action, and 
restitution under dynamic loading. In other words, the term 
hardness is understood to he the ability of a material to withstand 



Fig. 45. —Microscratch through diamond in chilled Ni-Cr. iron. Magnification 
1500 X. Sodium picrate etch. {Courtesy of Roy M. Allen.) 

permanent deformation. Chemical changes caused by heat 
treatment affect the hardness of a material. One type of heat 
treatment will make a soft material hard, another type will make 
a hard material soft. 

In Fig. 45 appears a visual evidence of the effect of a hard 
constituent in a metallic matrix. A diamond, which is considered 
to be the hardest known substance, produced the path in the 
figure as it traveled, being deflected by a hard inclusion in the 
matrix. The orientation and chemical character of these micro¬ 
scopic particles largely determine the property of hardness in a 
given material. 

Measurement of Hardness. —^For measuring the hardness of 
metals, the most widely used methods are: (1) the scleroscope, 
(2) the Brinelly (3) the. Rockwell method for measuring resistance 
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to indentation and penetration, and (4)’ the monotron. An index 
of cutting resistance is determined by the scratch hardness test. 
The ordinary file may also be used to determine roughly whether 
or not a piece of metal is hard or soft. 

Scleroscope ,—The principle employed in the scleroscope is the 
drop and rebound of a diamond-pointed steel cylinder. This 
cylinder or hammer, as it is called, is allowed to drop-upon the 
surface of the metal to be tested. The height of the rebound is 
indicated on the dial of the instrument and this reading is taken 
as the measure of hardness, the height of rebound of hardened 
steel being 100 on the scale. Thus all other readings are com¬ 
parative. The scleroscope should always be set level when 
taking a reading. This is done by means of the plumb bob and 
the adjustable screws in the base. 

The piece to be tested should always have a smooth surface 
and should be well supported, either on the fiat anvil or in a 
V-block which is made to fit the base .of the instrument, and held 
firmly while the test is made. It is generally desirable to take 
three or four readings at different places and then take an average. 
In no case should a reading be taken in the same spot twice. 

The Brinell Test .—In the Brinell method, a hardened steel ball 
is pressed into the smooth surface of the metal to be tested. The 
indentation thus produced is measured with a microscope. From 
the spherical area of the indentation and the pressure applied, the 
stress per unit area when the ball comes to rest may be calculated 
and the hardness number obtained. 

The hardness number may be calculated by means of the 
formula; 



where H == the Brinell hardness number. 

P = load applied. 

D = diameter of ball. 
d = diameter of ball impression. 

In order to obtain standard results, the diameter of the 
ball should be 10 mm. ( + 0.0025 mm.) and the weight applied 
to steels should be 3,000 kg. for 30 sec. For softer metals, such as 
brasses, bronzes, etc., a load of 500 kg. is to be applied for 30 sec. 
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Speed of Loading in Brinell Test. —Frequent tests on the 
Brinell hardness tester have shown an increase in hardness for 
short periods of loading, and a decrease in hardness number for 
extended periods of loading. These effects were measured in 
tests^ performed at the experimental laboratories of the Krupp 
works at Essen, Germany. The curves which were determined 
by these tests on soft iron show that, for maximum pressure 
applied during 5 min., equilibrium is not established for different 
diameters of ball penetrator. For hard steels one minute was 
found to be necessary to produce equilibrium, because of the reduced 
ability of hard metal to flow under the continued pressure of the 
penetrator. Tests on hard iron with duration of loading of 
10 sec. produced results within 3 per cent of the value obtained 
for sustained loading of 5 min. The same error for soft iron was 
obtained for 20 sec. of sustained loading. 

Metals such as zinc require 2 or 3 min. for the same results. 
Copper showed variations. in loading time have little eff'ect, 
because of strain hardening effects of copper under load. The- 
usual time of loading in practice is 30 sec. 

Brinell hardness numbers corresponding to a given load and 
diameter of impression have been worked out in the form' of 
a table, so that hardness numbers can be read directly. The 
Brinell test is used quite extensively in commercial practice for 
checking uniformity of metal and for accepting metals for service. 

59. The Principle of the Rockwell Test.—Under certain fixed 
conditions of load the .Rockwell tester measures the depth of 
residual penetration by a steel ball or diamond cone. By sub¬ 
tracting the penetration from an arbitrary constant, a number 
is derived which expresses the hardness. 

A minor load of 10 kg. is first applied, which seats the pene¬ 
trator in the surface of the piece being tested and thus holds it 
in position. The dial is then set to zero and the major load is 
applied. (When, using the diamond cone, the total major load 
is loO kg., and when the steel ball is used, the major load 

is 100 kg.) After the pointer comes to rest, the major load is 
removed, leaving the minor load still on. 

As Rockwell numbers are based on the difference between the 
depth of penetration at major and minor load, it will be evident 
that the greater this difference, the less the hardness number, and 

^ Mailander, K., Kruppacher Monatschefte, vol, 5, October, 1924:. 
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the softer the material. This difference is automatically regis¬ 
tered when the major load is released (the minor load still being 
applied) by a reversed scale on the indicator dial, which thus 
reads the Rockwell hardness number directly. 

On examining the dial, it will be found that there are two scales. 
The black scale and the letter C are used when testing vdth the 
diamond-pointed cone and the 150-kg. load. The red scale and 
the letter B are used in connection with the 100-kg. load and the 

6 -in. steel-ball penetrator. All readings should be prefixed 
by the letter B or C, showing which scale was used. 

As the Rockwell scale is based on depth measurements, the 
cone penetrator gives the more accurate readings on hard metals, 
while the steel ball is best adapted for the softer, metals. Where 
the readings fall below C-20, it is preferable to test the material 
with the 3"l6--ni. ball. Readings on the B scale are not generally 
taken higher than R-lOO, at which point it is ad^dsable to change 
to the C scale, using the cone penetrator. Measuring hardness 
greater than R-lOO is liable to deform the ball, thus 

destroying its usefulness for further testing. 

The machine is also provided with a means of regulating the 
rate of application of the load. The standard time when using 
the 100-kg. load is 5 sec.,’and when the 150-kg. load is used, the 
time is 4 sec. All work to be tested should be smooth and solidly 
supported, either on a flat anvil or one with a Y-notch for round 
pieces. Rockwell hardness of thin-gauge metals is determined 
by the superficial hardness tester. 

60. Types of Failoare.—^The types-of failures which may occur 
in a structure are as follows: 

Tension Members. —^The elongation of the member will continue 
at the rate indicated by the modulus of elasticity until the elastic 
limit is reached. If the load is released prior to this point, all 
signs of strain disappear. If released at a point above the elastic 
limit, a permanent set” is noticed. If the load is again applied, 
a new elastic limit is apparent, higher than the first one found. ■ 

The apparent effect.of the load after reaching the elastic limit, 
is a rapid extension of the specimen. This will soon be apparent, 
in the case of ductile materials, by the necking down”-of the 
specimen and rupture in the smallest section. 

The nature of the rupture will vary wdth the material, and its 
physical working prior to. test. Good ductile steels have a cup 
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shaped rupture with a silky appearance. Inferior steels show 
irregular ruptures, and if the material is very inferior several 
elastic limits” will be noted. 

Compression Members. —The nature of stress and strain in com¬ 
pression members is far more complex than in tension members. 
Very short compression members fail by crushing. Slightly 
longer members fail by diagonal shear, and long members fail 
in bending (buckling). 

Shear Members. —Such members are rivets, bolts, pins, etc. 
It is seldom that pure shear is experienced. It is usually accom¬ 
panied by crushing and often by bending (see Chap. XI, on 
Riveting). 

Members in Bending. —The nature of stress and strain in 
bending combines the three types of failure noted above. In 
other words members in bending can fail either in tension, com¬ 
pression or in shear and sometimes. by crushing. An ideal 
beam would have a material distribution that would fail simulta¬ 
neously under all the above. 

61. Physical ‘Testing on Metals.—Standardized tests are 
extant for determining the physical properties of metals. These 
tests are tension, compression, bending, impact, and fatigue tests. 

The tension test is made on standard specimens either round or 
flat with standard testing machines whenever possible. In this 
test the yield-point strength, ultimate strength, elongation and 
reduction in area are usually determined. 

The compression test is performed on short specimens for which 
the ratio of length to radius is less than unity, or on longer speci¬ 
mens which act as column members using the standard compres¬ 
sion-testing machine. 

The bending test is made by bending a flat or round specimen 
around a bar having a diameter equal to the thickness or diame¬ 
ter of the specimen. During such bend tests the specimen is 
examined for surface cracks and the angle of bend measured. For 
maximum ductility in forming operations, the metals vrhich are 
tested usually are required to bend double; that is, 180 deg. 
Often this, bend test is applied to metals while hot to discover 
hot shortness (brittleness) at elevated temperatures. 

The impact tests are standardized under the names of Izod 
and Charpy. For standard flat or round specimens which are 
notched in the center to insure localized fracture, the impact-test 
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measures the energy the specimen absorbs in fracturing. This, 
energy is given the designation of impact number. The impact 
test, therefore, represents a quick method of determining the 
toughness of metal, the metal with a low impact number indica¬ 
tion a brittle metal. 

The fatigue test combines the means of imposing a stress upon 
the end, or the center of a smoothly polished specimen, and a 
method of repeating this stress. All tests include a rapid reversal 



Fig. 46. —Reverse bend-testing machine for testing wires. (^Courtesy of U. S. 

Army Air Forces,) 


of stress for extended periods of time-, or until fracture occurs 
in the specimens. 

Unsuspected conditions which prevail within a metal are 
revealed by radiographic (X-ray or y-ray) study which is per¬ 
formed at the present stage of development according to no 
prescribed standard. 

Defects are located by the position of a magnetic material 
distributed on the surface of a machined part which has pre\d- 
ously been magnetized. This method and its use in detecting 
fatigue cracks, imperfect welds, heat-treatment cracks due to 
quenching, and grinding cracks are presented in Chap. VI. 

62. Properties of Aircraft Steels. —Steels of various composi¬ 
tions are used in aircraft parts. The t:^q)ical steels, which the 



68 , AIRPLANE MAINTENANCE [Chap. V 
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Material 

S.A.E. 

Specifications 

. Chemical 

U. S. 

Army 

U. S. 

Navy 

C 

Mn 

Si 

Carbon steel sheet. 




0.02 

0.04 


Carbon steel sheet. 

1025 

57-136-3 

47S17. 

0.20 

0.30 

0.50 

0.80 


Carbon steel bar. 

1025 

AN-QQ-S-646 

0.20 

0.30 

0.50 

0.80 


Carbon steel tube. 

1025 

AN-WW-T-646 

0.20 

0.30 

0.50 

0.80 


Carbon steel wire.. 

1095 ■ 

48-7 1 47S4 

0.9-1.00 

0.7-1.05 

0.70 

0.50 


Carbon steel free machine. 

1112 

57-107 ! 

0.10 

0.80 


Chrome-molj--bdenum sheet. 

X-4130 

AN-QQ-S-685 

0.25 

0.35 

0.40 

0.60 


Chrome-molybdenum bar. 

X-4136 

AN-QQ-S-684 

o'. 25 
0.35 

0.40 

0.60 


Chrome-molvbdenum tube. 

X-4130 

57-180-2 

44T1S 

0.25 

0.35_ 

0.35 
0.45 . 

0.40 

0.60 

0.50 

0.80 


Chrome-molybdenum tube resistance 
weld. 

X-4130 

10241 

M-526 

0.15 

0.30 

3H nickel bar. 

2330 

57-107-17 


0.25 

0.35 

0.50 

0.80 

0.50 

0.80 

0.20 

0^0 

0.70 

0.70 

0.15 

0.35 

Chrome-vanadium sheet. 

6130 

57-107-16 

47S12 

0.25 

0.35 


Chrome-nickel sheet annealed. 

18-8 

AN-QQ-S-757 

Q.OSt 

0.70J 

Chrome-nickel sheet hard tempers.... 

18-8 

. AN-QQ-S-772 

0.15 

0.70 

Drill rod.. 


57-108 1 4GS9 

0.90 • 

0.70 

Chrome-nickel tube. 

18-8 

AN-WW-T-855 

0.07 

0.70 

Chrome-nickel molybdenum... . 

X-4340 

AN-QQ-S-756 



Corrosion—heat resistant. 

51210 

10080 


0.08-12 

0.70 

0.70 

Chrome^nickel forgings.. . .' . 

I 




0.40 

0.50 

0.70 

0.30‘ 

0.80 


* Average valu.es. 
t Varies "vvith thickness. 

+ Maximum. 

§ o.oX carbon (actual C-0.08). 

I! Several tempers available. 

After heat treatment. 

** Backing is carbon steel. 

From American Welding Journal, September, 1936j revised 1941. 
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Matekl^ls—Febrotjs 


-- 

composition, 9c 

Ult. 

ten¬ 

sile* 

str., 

kips 

Yield 

strength 

■ 

Elon. 

2 in.. 
% 

Min. 

red. 

area, 

% 

Use 

Ni 

c. 

Mo 

Others 




P-.006 

S-.004 

35 

.. 

. 



Exhaust stacks 





• 55 

36,000 

22 


Fittings 


' 



55 

36,000 

22 


Miscellaneous parts 





55 

36,000 

22 ■ 


Miscellaneous parts 




P-0.04 

S-.045 

j 


— 

Washers, tail skids, clips 




S-.4 




Screws, fa.stenings 


0.80 

1.10 

0.15 

0.25 

0.15 

0.25 

0.15 

0.25 


90 - 

70,000 

lOt 

15 

— 

Structures, fittings 


0.80 

1.10 


125 

100,000 

18^ 

Structures, fittings 


0.80 

1.10 


90 

95 

70,000 

75,000 

15t 

10 


Structures, fittings 


1 0.80 

1 l.io: 

0.15 

0.25 


125 

100,000 

18^ 


I Nonstruetural parts 

3^25 ^ 
3.75 

1 

i 


125 

100,000 

17 

50^ 

Unwelded parts, axles 


0.80' 

i.iol 

i Va. 

0.15 



i 

1- 

Propeller hubs in forgings 

8 ■ 

10 

17 

20 


Ti§ 

80 

35,000 

40 

Exhaust stacks 

71: 

17$ 



125 

185 

90,000 

150,000 

10 

5 


Structures, wings, fire walls, 
nacelles 





125 

100,000 

12 

25 


8 

11.5 

8 

17 

20 

17 


Ti 

SO 

185 

35,000 

140,000 

501; 

8 


Structures, exhaust manifolds 





170 ; 150.000 

15 


Landing-gear parts 

10 

.20 ■ 



60 j 

40 1 



13* 

15 

13 

15 

0.50 

Va 1.75 
3.0 

■ 1 
■ 



; Gears 








Table IV. —Aviation 




•| Bpe<;ilicu.ti<»n.H 


C..’bo.iuical 

Material 

S.A.E. 

U. S. 

Army 

U. S. ■ 
Navy 

Federal 

Mk 

Mu 

Si 




4C-A-3 

<iQ-A-411 
(K2-A-501 




sheet. 



0.2 


0.2 

Aluminum, 4 %. 


AN-QQ-A-402 


95. G 

0.4 


Aluminum alloy 24K bar. 

24 

110G71- 

AN-( 

1 4(;-A-0 

1 4G-A-8 

(jQ-A-354 

(iQ-A-3G2 

' (,)(i-A-5')l 

1.5 

0. G(] 


Aluminum alloy die . 


iQ-A-3GG 


5.0 



57-151-1 

47-A-2 

QQ-A-nCi 1 

Q(K\-41 I 





25 

40 

4G-A-3 

0.2 






Aluminum-copper-maKnesium 
17S bar. 



4G-A-4 

Q(i-A-351 

QQ-A-lirui 

W\V-T-78() 

0.3 






47-A-3 



tube. 



44-'r-2l 




Aluminum-copper-magnesiuni 












1 lOGG 

0.3 



tube. 




10235 



Aluminum-magnesium-chro- 
mium tube. 



47-A-1 1 


2.5 



Aluminum-manganese bar- 




C^(^A-35G 

(2Q-A-35i> 




tube. 



44-T-2() 




Aluminum-silicon castings... . 
tube. 


57-72 





5.0 




11070 








M-328 




tube. 










'r47-B-2 

' ..... 




sheet. 



1 C5r-1 

f QQ-IMill 

1 Var. Crs. 




Bronze-aluminum. 


'11083"' 

4G-N-r> 

47-C-2 





Copper bai'. 

— 








QQ-C-5()1 
f WW-T-700 

1 IVpe-N 


















Copper-nickei (Monel) bar... 
sheet. 




QQ-N-28r 

Q(2-N-28l 


3.0 


tube. 



4()-M-7 



Copper-silicon. 


110()5t 





5.0 

Magnesium-filuminurn. 


.... 


.. 

95. G 

99 . i 5 

0.4 

1.85 

Magnesium alloy AM-S-S. ... 






Magnesium alloy AM-240 
AM-241. 

304 










^'’0.3 

Bal. 


Magnesium alloy AM-53-S.. . 


1 


....... ... 

91 

92 

Bal. 


Magnesium alloy. 




i 








1 



Magnesium alloy AM-57-S.. . 



4G-A-7 

Q(i-A-3G7 




Magnesium alloy AM-61-S.. . 
Magnesium alloy. 

~26~ 

11321 
11320 ' 

M-12G 

"M-314 




Manganese-bronze bar. 


- 

4G-B-15 





sheet.. 



QQ-B-721 


8.0 


Nickel-chromium-iron. 


Il082t 




Nickel-copper-aluminum bar., 
sheet. 


11083 

4G-N-.5 





Phosphor-bronze bar. 


- 

4G^I3T4~ 

.--- _. 

• 



sheet.. 








1 



<lu 





hard, f Air Forces, t Heat-treated. 


70 


















































MaTBRIAIjS— 

-Nonfkrrotjs 





compositio] 

ft, % 


_ 

Ult. 

Yield 



Cu 

Ni 

CJr 

A1 


Bo 

Others 

tensile 

str., 

kip.s 

strength, 

kip.s 

2 in. 

% 

Aircraft uses 




99 

Min. 

Bal. 



17* 

9 

9 

Nonstructural, tanks 




4.0 







Cast and heat-treated 








26 

10 

20 


4.5 



99 

Min. 

Bal. 

— 


68 

70 

45 

55 

19 

13 

24ST Structural 
24SIIT fittings 

4.0 

■ -. 

18 



Junction boxes, small 
covers 


8 

18 

2-S sheet 

2-S bar, wire, rod 
shapes 




B 1 











1 







.Sand Civstiiigs 

General purpose 

2.5 



1 

j 

j 

Bal. 



35-65 

1.5-40 

20 

Machine fittings 
Mfiscellaneoua struc¬ 
tural 

Struts 



0.25 

Bid. 




31-39 

34 

8 . 

Tanks and fairings 








1.5-27 



Sand castings 



Bal. 

Trace 


19 

9 

3 

Nonstructural fittings 

95.0 




Bui. 

3.0 


196 

i 3 

Wire 

Flat springs 

Flat springs 

62.0 






2.8SN 

28.0ZN 

48 

i 

40 1 

22 

Wire rods 
sheet 

jO 

1.5 


Bair 




~62 

52 

8 

Bearings, gears 

99 







35 


18 

Electrodes 

Tubing, plumbing 

32 

62 

_ 


3.0 



80-110 

65 

18 

Tubing, rivets 

foT-i 







45 

12 

Everdur—sheet-bar 




4.0 




37 

28 

10-16 

10 

8 

9 

Hard rolled 

Annealed 







34 

24 

5 

Hard rolled 
Heat-treated and 
rolled 




"lor's 




28-30 


1-2 

Die casting 

Magnesium 




8.0 

9.0 







Extruded 








25~"‘ 
As cast 
30-38 
HTt 
38-42 

11-13 

22-28 

3-8 

6-12 

Permanent mold 

Hot pressings 

— 

— 

— 

— 

-- 

— 


33-3^ 

18-24 

5—10 

Hammer forgings 

Bars, rod, and wire 








65”“ 

. 40 

4 

Springs, rods, gears 
Flat springs 


8.0 

' 3.0 


"Bair 



85-125 

75-85 

20 

Heat-resistant parts 

8.0 

' 1.5 


Bal. 




35 


18 

Aluminum bronze 
Gears, bushings 











Pearings, bushings, 
gears 

Flat springs 


71 
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airplane mechanic must repair and replace, are listed, with the 
most important properties, in Table III. 

63, Properties of Aluminum Alloys. —The alloys of aluminum 
constitute the largest weight of any single metal used in the 
modern all-metal plane. The principal characteristics of these 
alloys and those of magnesium are outlined in Table IV. 

Review Questions 

1. Distinguish, between stress and strain. 

2. "VMiat is the ultimate tensile stress of a bar of steel sustaining a maxi¬ 
mum load of 20.000 lb. based on the original diameter of 0.505 in. and also 
based on the final diameter of 0.4 in.? 

3. Determine the tensile stress in a tube of 13^ in. o. d. and 18-gauge wall 
thickness (0.049 in.) under a load of 20,600 lb. Ans. 95,500 lb. per square ■ 
inch. 

4. How does the modulus of elasticity furnish a direct basis of compari- 
sion of stress of metals under the same strain? 

6. If a chrome-molybdenum-steel (S. A. E. 4130) strut is substituted 
for a strut (24ST) of equal dimension, determine the percentage increase in 
strength. 

6. Explain the precautions necessary to obtain a reliable Brinell hard¬ 
ness number. 

7. WTaat errors in the operation of the scleroscope produces an erroneous 
hardness reading? 

8. Describe the kinds of stresses in bending and indicate their distribu- •. 
tion. Why would it be inadvisable to have failure of each under stress 
simultaneously? 

9. jSTame the principal standard tests for physical properties of metals. 

10. AVhat is meant by toughness? How.is it measured? 

11. Define fatigue resistance. If a metal has sufficient strength to support 
a steady load, what conditions must be met for such metal to withstand 
fatigue? 

12. Explain why the breaking strength of mild steel is not its ultimate 
strength. 

13. What is'meant by ductility? How is this property measured ? 

14. Name the tempers by which aluminum alloys are designated. 

16. a. Is rubber a durable material? Why? 

6. Where is rubber used in aircraft to resist wear? 
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Questions for Thought and Study of References 

1 . What is meant by wrought alloy? (Ref. 5.) 

. 2. Name the tempers by which magnesium alloys are designated. 
,(Ref. 8.) • . ^ ■ 

3. What S. A. E. steel is largely used in welded aircraft structural parts? 
(Ref. 4.) 

4. l?\Tiat properties of stainless steel make it suitable for exhaust stacks, 
tanks, and propeller blades? (Ref. 4.) 

5. Name briefly the application of forgings and castings which have been 
used in aircraft construction, (Ref. 3.) 

6. In what respect are alloys high in magnesium content adaptable to 
aircraft construction? (Ref. 1.) 

7. Describe a method of testing a round tensile specimen and a flat 
tensile specimen. (Refs. 1 and 3.) 

8 . Define the steels by chemical content designated by S. A. E. 3G9C5 and 

S. A. E. 71360. ■ . 

9. What are the effects of contact lengths in draw-ing on the physical 
properties? (Ref. 11.) 

10. What types of furnaces are used for precipitation heat treatment of 
artificially aged alloys of strong aluminum .alloys? (Ref. 9.) 

11. How does the addition of nickel in the stainless-steel alloys affect the 
rate of work-hardening? (Ref. 10.) 

12. Indicate the weight-saving possibilities of a beryUium alloy. (Ref. 
12 .) 
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MAINTENANCE OF METALS 

The large majority of aircraft metals possess superior physical 
properties of strength, toughness, hardness, and ductility because 
of heat treatment. Continuation of these properties in repaired 
sections requires a knowledge of the heat-treatment process best 
suited to the metal which is used, 

64. Heat Treatment.— For each composition of metal, heat 
treatment consists in heating and cooling that metal through a 
range temperature while dn the solid state. Both ferrous metals 
(those composed largely of iron) and nonferrous metals (those 
deri\dng their properties, in the absence of iron, from such as 
aluminum, copper, and/or magnesium) respond to heat treat¬ 
ment. All of the metals react similarly to annealing, hardening, 
and tempering. (These terms are defined in the following 
paragraphs.) 

The heating and cooling rate determines the internal crystalline 
structure (called matrix) of the metal. Transformation of this 
crystalline matrix occurs during the following operations: 

1. Heating the metal to a high temperature, below or above its critical 
temperature. 

2. Holding (or soaking) the metal at the elevated temperature for a suffi¬ 
cient time to saturate the metal with heat and to permit the change in grain 
size and form to be complete. 

3. Cooling the metal to room temperature in air, oil, water, or heated 
baths. 

The temperatures at which the changes in size and form of 
crystal or grain occurs are called critical temperatures. 

The relation between temperature and composition for iron- 
carbon steel is shown in the critical-range diagram (Fig. 47a). 
The importance of this diagram as a guide in heat-treatment 
operations is indicated, for example, in the heating, soaking, and 
cooling cycle for a carbon steel of 0.35 per cent carbon content 
(Fig. 47a). It is to be noted that the original grain size is trans- 

74 



Sec. 64] 


MAINTENANCE OF METALS 


75 


formed at the upper critical temperature of 1410°r. An addi¬ 
tional change, which is not shown, is the absorption of carbon by 
the iron in finely dispersed form. By heating and holding 
(soaking) this mass slightly in excess of the upper critical tem¬ 
perature, its complete transformation is assured. Overheating 
while hastening the reaction must be done below that tempera- 



Fig. 47a.—Critical-range diagram for steel. Fig. 476.—Heat treatment cycle 

0.35 per cent carbon steel. 

ture where grain growth begins, usually, for steel, 150 to 200°F. 
above the upper critical temperature. 

The rate of cooling which is regulated by using air, oil, or tvater 
is indicated in Fig. 476. Air cooling softens the metal without 
much change in grain size. Oil and water cooling produce strength, 
toughness, and hardness, with a decrease in ductility and grain size. 

■Similar changes occur wdth steels of different carbon percentages 
(except at lower temperatures) until 0.85-per cent carbon steel 
is reached, then the higher carbon content requires an increase 
in the temperature at which the transformations occur. For 
the total range of carbon in steel the critical temperatures are 
shown in Fig. 47a for annealing and hardening. Each steel has 
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its own optimum teinperature for heat treatment, varying with 
carbon and alloy content. (See Fig. 47a for recommended heat 
treatment.) 

The diagram, which is the guide in the heat treatment of 
duralumin (a strong aluminum alloy in which copper is the 
principal alloying element) is given in Fig. 48. Aluminum alloys, 
in general, are more sensitive to heating than iron-carhon steels 
and require accurate temperature control within 5°F. of the 
critical temperature. During heat treatment of aluminum 



Fig. 48.—Critical-range diagram for aluminum-copper alloys. 

alloys, the metal is heated to a temperature (less than melting) 
at which component elements are mutually soluble. From this 
solid solution, quenching retains the conditions formerly existing 
at elevated temperatures. This cycle is termed, quite frequently, 
the solution heat treatment. Much like salt dissolving in water, 
copper is dissolved in the solid solution of aluminum. 

After quenching, the alloying elements (held in solid solution) 
are precipitated in finely dispersed particles. This precipitation 
occurs at room temperature in alloys which age naturally, and at 
an elevated temperature (nearly 300°F.) in alloys which age 
artificially. This process is known as precipitation heat treatment. 

65. Importance of Grain Size.—^When a metal alloy is polished 
and etched with a suitable chemical in the manner outlined in 
Par. 77, the metallic grains (crystals) and their boundary cement 
stand out in relief (Fig. 49). The intercrystalline areas are 
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composed of a bonding cement and a composite of the metals 
present. When the metal is loaded until failure develops (as has 
been demonstrated) the grain slips within itself primarily and in. 
the inter crystalline areas secondarily. It is desirable, therefore, 
so to treat the metal as to obtain the maximum inter crystalline 
matrix 2 aad. the minimum aynount of graiji. This condition exists 
when the grain size is the smallest. 

Overheating of steel causes enlargement of the crystals (called 
grain growth). (See Fig. 50.) Since large grains break down 
under load more readily than the smaller grains, existence of a 
large grained structure sig7iifies loch of resistance to shock or vibra¬ 
tion. For this reason, ‘ large¬ 
grained metal, originating almost 
entirely during heat treatment, is 
undesirable in aircraft construction 
and repair. 

66. Annealing.—There are three 
recognizable kinds of annealing for 
steel : 

1. Stress-relief annealing. 

2. Full annealing. 

3. jSrQrmalizing. 

. The stress-relief anneal is applied 
for removal of the residual stresses 
in welded joints or severely cold- Fig. 49. —Photomicrograph of low- 
worked parts. This operation con- ■ Magnification500 x. 

sists of heating the steel to a dark cherry color, at about 
1100°F. (Fig. 47a), followed by cooling the parts to room 
temperature in air. Provided the heating is not too prolonged 
at elevated temperature, the grain size is not affected and the 
locked-up stresses are largely removed. The welding torch is 
often used for the heating. 

Full annealing of steelconsists in heating and holding-the parts 
above the upper critical range (Fig. 47a) until heated throughout, 
and the grain has been refined, and then cooling it in air. The 
results are: a softer steel, relief of residual sti'esses, greater ductility, 
and lowered strength. ‘ The annealing-temperature range to which 
the steel must be heated and soaked before air cooling can 
proceed, is shown in Fig. 47a. 
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Normalizing j in its effect upon steel, is similar to annealing, 
although obtained by a slightly different heat treatment. The 
normalizing temperature is made higher than the temperature for 
annealing to obtain better solubility of carbon in iron during a 
shorter heating interval than the interval required for annealing. 
Normalized parts are cooled in still air. The combination 
of full annealing following normalizing is quite common to 
insure a fine crystalline structure, usually absent in normalizing 
treatment. 

Annealing of aluminum alloys is done at or near the temperature 
of recrystallization (Fig. 48), with the result that the metal is 
softened and made more malleable without much change in 
grain size. The annealing range for copper bearing aluminum 
alloys or the so-called duralumin is given in Fig. 48. For other 
aluminum alloys there is a correct temperature which must be 
obtained by experience. 

Hardening is the heating of metal to slightly above the tempera¬ 
ture at which grain refinement take place, followed by rapid 
cooling in oil or water. The grain structure at the completion 
of cooling remains practically the same as its structure at the 
time of quenching. The residual strains caused by rapid cooling 
prestress the metal. Reheating to temperatures below the lower 
critical temperature for.the particular alloy (Fig. 48) relieves 
these strains. For steel this reheating followed by quenching 
in oil or water, is called tempering. 

Tempering decreases the hardness of steel and increases its 
toughness with relief of the most severe internal stress. 

Hardened and tempered metal is softened by reheating, so 
that good judgement must be exercised in heating hardened 
or aluminum alloy parts. 

While aluminum alloys, which have natural aging properties, 
are not tempered, their condition corresponding to temper is 
designated such as dead soft, half hard, and maximum temper. 
Aluminum alloys which develop optimum properties by the precipita¬ 
tion treatment are artificially aged or tempered. 

Temper, as applied to aluminum alloys, may mean a soft alloy 
or a hard alloy, depending upon its heat treatment. In natural 
and artificial aging, the hardness, strength, and toughness of 
aluminum alloys is due to the interlocking character of the 
precipitated elements which makes slip along crystal planes 
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difficult. A simple analogy of this phenomenon is the effect of 
sand on icy pavements in increasing traction. 

67. Special Steel Treatment.—Certain parts requiring a wear- 
resistant surface, yet possessing a tough, resilient center core are 
soaked at elevated temperatures in contact vith a carbonaceous 
material^ such as hardwood, peach-pit charcoal, or natural gas, 
for several hours. This process is called carhuriziTig. The iron 
absorbs sufficient carbon to become a high-carbon steel at the 
surface, leaving a low-carbon-steel center. When this carburized 
steel is hardened and tempered, the extremely hard surface is 
wear-resistant and the center or core is strong, tough, and elastic. 
Roller and ball bearings, crankpins, and piston pins are examples 
of parts wffiich have been carburized. 

Nitriding is performed by soaking a special alloy steel in anhy¬ 
drous ammonia below' the low^er critical temperature (Fig. 47a). 
Absorption of nitrogen as iron nitrides in the surface produces 
greater hardness than carburized steel but to a lesser depth. The 
nitrided surface withstands higher temperatures and resists wear 
and corrosion better than does carburized steel. Engine-cylinder 
barrels and gears have been successfully nitrided, with less dis¬ 
tortion and greater durability than is possible with carburizing 
treatment. 

68. Special Treatment of Aluminum Alloys to Prevent Corro¬ 
sion. A?iodizing. —The anodic treatment is an electrolytic 
process w^hereby the aluminum parts, at the positive terminal in 
a 9.25 per cent aqueous solution of a chromic acid, are oxidized. 
An electric current is passed through the bath according to the 
following schedule: 

1. Increase voltage from 0 to 40 volts in first 15 min. 

2. Hold at 40 volts for 35 min. 

3. Increase to 50 volts in 5 min. 

4. Hold at 50 volts for 5 mm. 

The parts are then removed and washed thoroughly in warm 
w^ater. 

Cold-drawn parts are usually given the anodic treatment after 
thorough cleaning prior to the drawdng operation. Heat-treated 
aluminum parts are given the anodic treatment foUowdng the 
heat treatment. The parts are made ready for installation by 
priming with a suitable primer. 
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Alclad is aluminum-alloy sheet into the surface of which is 
rolled a thin coating of pure aluminum. 

69. Important Factors in Heat Treatment.—The results of heat 
treatment are influenced by such effects as (1) rate of heating, 
(2) time of soaking, (3) rate of cooling, (4) temperature control, 
(5) composition.^ 

70. Rate of Heating.—The time necessary to bring a part or 
load to the proper heat-treating temperature depends upon 


Table V.—Soaking Time for Aluminum Alloys* 


• Thickness, 
in. 

Time for various alloys, 

min. 

17S and 
Alclad 17St 

24S 

Alclad 24S 

Up to 0.032 

20 

30 

20 

0.032”—3^ 

20 

30 

30 


30 

40 

40' 

Over yi 

60 

60 

60 


* Soaking time starts when the metal (or the molten bath) reaches a temperature within 
the range specified in Table VI. 

t The soaking time shown for 17S can also be used for alloys o3S and 61S. 

Courtesy of Aluminum Company of America. 

the of the part or load, the thickness of the metal, and the 
type of heating equipment employed. Rapid heating affects 
only the surface. Instead of producing the critical transforma¬ 
tion in the entire mass, the rapid heating causes distojiion or 
warpage. Thin sections heat through more readily than thick 
sections; only by warping is the expansion of the thin metal of a 
part absorbed. Gradual heating, therefore, becomes necessary. 
A common procedure is to rotate the part or parts through a half 
turn periodically (every 20 sec.) to equalize the heating. 

The furnace capacity must he ample enough to insure heating of 
its load throughout. Stuffing of the heating furnace or bath pre¬ 
vents thorough heating and imperfect transformation of the metal. 

71. Time of Soaking.-—Complete refinement of grain and 
mutual absorption of metallic constituents at elevated tempera¬ 
tures require time, hence the need of holding (soaking) the parts 
or load at an elevated temperature. Too long a period of soaking 
promotes grain growth, so that the desirable compromise requires 
an account of the mass and shape of the object being heat-treated. 
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An excellent rule for circular shapes of steel is to soak for half an 
hour above the upper critical temperature for every 0.2 sq. in. of 
cross-sectional area. Parts vuth sharp edges^ for example, a 
square bar, require slightly less time of soaking if the heating 
has been uniformly and gradually a,pphed because of the great 
heat absorption at the edges. Incidently, there is a tendency" 
to grain growth at these edges. 

Table V gives the approximate tijn^ oi soaking 17S and 24S 
aluminum alloys at heat-treatment temperature. 

72. Cooling Rates.—Retention of the desirable combination 
of hard, strong, and tough quahties of metal at room tempera¬ 
tures requires rapid quenching from the heat-treating tempera¬ 
ture. Cold loater is the recommended medium for cooling aluminum 
alloys rapidly enough to give the metal the proper quality of corrosion 
resistance. Transfer of the load from furnace to quenching tank 
should be held to a mininium of a few seconds. Partial immersion 
does not produce satisfactory results. 

Full mechanical properties of steel are obtained immediately 
after the quenching. 

The aluminum alloys of the natural aging variety require 
four days at room temperature to attain full hardness, strength, 
and toughness. Care must be exercised nemr to reheat these 
alloys to above 212°F., if full mechanical properties are to be 
preserved after the proper quenching. 

73. Aging:—It should be noted that temperatures below room 
temperature mil temporarily retard normal age-hardening of 
duralumin whereas extreme cold, such as may be obtained mth 
dry ice, actually arrests aging. - Aging is resumed upon return 
to room temperature. 

74. Temperature Control.—Accurate temperature-measuring 
equipment is necessary in heat treatment. Calibration at fre¬ 
quent intervals (once a month) to determine the errors in tem¬ 
perature-measuring equipment should be a matter of regular 
inspection, if success in heat treatment is desired. When the 
errors are knovm, the corrections can be made with assurance of 
the accuracy of the temperature reading. Methods of calibrating 
this equipment may be obtained from the manufacturer. 

75. Effects of Composition.—The alteration in critical tem¬ 
perature with carbon content (see Fig. 47a) necessitates a differ¬ 
ent elevated temperature for each alloy. 
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The full mechanical properties of aluminum alloys are attained 
immediately after quenching when the magnesium and silicon 
contents are high. 

The aluminum alloys used for structural parts in aircraft are 
those that can he heat-treated to produce high strengths. When 
finally installed in the airplane, such materials niust be in the 
heat-treated condition. 

When duralumin or coTper aluminum alloy is heat-treated, a 
period of four days after* quenching is required for aging to 
develop the optimum mechanical properties. For other alumi- 



Fig. 50.—Surface of overheated steel. 


num alloys of casting and the forging type for propellers and 
engine pistons, precipitation treatment is required to develop 
mechanical properties. The principal alloys of this group, used 
in aircraft, appear in Table VI. 

The principal aluminum alloy used in aircraft structures 
is called 24S by the Aluminum Company of America. An 
improved alloy of the duralumin type, it contains the same 
alloyed elements as the earher 17S, but in different proportions 
and possesses greater strength. 

Because of the limited range in which heat treatment of 
aluminum alloys must be performed, it is usually’ difficult to 
determine this range by test. It is recommended that this 
information be obtained from the original manufacturer of the 
aircraft. 
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Classification. —Aluminum alloys are obtainable in either cast or 
wrought forms, by wrought being meant there is mechanical 
working. They may be further classified as nonheat-treatable 
and heat-treatable alloys. The chemical composition of alloys 
is indicated by the alloy number. Wrought alloys are dis¬ 
tinguished from cast alloys by the letter follomng this 

number. 

An alloy, fully heat-treated and of age temper (such as 24ST), 
may be further cold-worhed, as by rolling, to obtain still higher 
strengths. It is then said to be in the RT'" temper. Although 
this further rolling reduces the elongation and workability, 24S 
and Alclad 24S in the RT temper are regularly corrugated and 
formed into other aircraft parts. The various cold-worked and 
heat-treated tempers are also indicated by svmbols shown in 
Table VI. 

The mechanical-properties specifications for wrought alloys and 
products and for cast alloys are given in Table IV. 

Sheet. —For the outer coverings, or skin, and various other 
structural parts of a modern airplane, a large percentage of the 
material used is aluminum-alloy sheet. 

Owing to the high stresses in some flight conditions, the higher 
yield point strength of alloy 24ST is almost universally used in 
preference to 17ST. 

Nonstructural parts are sometimes made from alloys that are 
not heat-treated or from heat-treated alloys of lower strength. 

Whether the sheet is 24S or 17S, it is usually supphed as Alclad 
sheet. This alloy has a high-strength sheet, covered on each side 
with a coat of high-purity aluminum, vdth attendant high 
resistance to corrosion. This coating is rolled into the surface 
and prevents corrosion at cut edges or torn surfaces near rivet 
heads. 

Increased use of 24S and 17S coil strip has been found to have 
economical and other advantages- Heat-treated coiled- strip is 
generally used in fabricated rolled sections, where long lengths 
are useful. Annealed coiled strip is used for blanking out small 
parts which are subsequently heat-treated. 

Extruded Shapes. —An extruded shape is produced by forcing 
hot metal through a die in which the opening corresponds to the 
shape of the desired cross section. The process permits produc¬ 
tion of many shapes that cannot be rolled economically. 
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Table VI.^Classification of Aluminum Alloys 





Composition, % by weight* * * § 

Solu¬ 

tion 

tern- 

Precipitation 
heat treatment 

Typical 
aircraft uses 

.Alloy 

Class 

Tempers 

Cu j Mn 

• 

Mg 

Si 

Others 

for heat 
treat¬ 
ment, 
°F 

Tem¬ 

pera¬ 

ture, 

=F 

Time 

of 

aging 


Heat-treatable 


17S 

Wrought 

0 

T 

4.0 

0.5 

0.5 

0.3 


930-950 'Room 

4 days 

Hydraulic lines, 
structural fit¬ 
tings, machine fit¬ 
tings 

24S 

Wrought 

0 

R 

T 

4.5 

0.6 

1.5 



910-930 

Room 

4 days 

Structural, struts, 
castings, fittings 

25S 

Wrought 

T 

4.5 

0.8 

0-8 

0.8 


960-980t 

325 

4 days 

Propellers, engine 
parts 

32S 

Wrought 

T 

0.9 


1.0 

0.125 

0.9 Ni 

930-950 

325 

4 days 

Pistons 

A51S 

Wrought 

T 



0.6 

1.0 

0.25 Cr 

960-980J 

325 

4 days 

Fittings, engine 
parts 

53S 

Wrought 

0 

W!| 

T 



Ti 

0.7 

0.25 Cr 

960-980i 

315-325 

or 

345-355 

18 hr. 

8 hr. 

Fairings, electrical 
conduit, semi- 

structural 

61S 

Wrought 

0 

wi! 

T 

o-Ts 


1.0' 

0.6 

0.25 Cr 

960-980 §>15-325 
or 

1345-355 

18 hr. 

8 hr. 

Engine bafiles, ■ 
fairings 

195 

Cast 

T4 

T6 

4.0 





960-980 §i 325 

4 days 

Structural parts 

220 

Cast 

T4 



10.0 



910-930 ! Quench 

i 


High-strength 
structural fittings 


N onheat-treatable 


2S 

Wrought 

0 

-LiH 

H 









Tanks, nonstruc- 
tural 

3S 

Wrought 

0 

ym, ?4H 

H 


1.2 


' 

- 




Tanks,- nonstruc- 
tural 

43 

Cast 

As cast j 




5.0 





Tank fittings 

52S 

Wrought 

i 

0 

HR, liK 
UR, H 



175 


0.25 Cr 




Tanks, fairings, oil 
fuel instrument 
lines 


* Balance of composition is aluminum. 

f To obtain full mechanical properties of this alloy requires precipitation treatment at 285 to 295°F. for 12 hr. 

t To obtain full mechanical properties of this alloy require precipitation treatment at 315 to 325°F. for 18 hr. 

§ Hold at heat-treating temperature depending on size and shape. 

II W temper applies only to alloys requiring artificial aging to attain T condition. 

Courtesy of Alummum Company of America. 
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Extruded shapes are used as stringers and important structural 
parts of the airframe and engine cowhng. Extrusions of 24ST 
are the most common. Extruded shapes not demanding high 
strength are often made from 53S or 6IS in a suitable tejnperj or 
from 23 or 3S. Certain restrictions of U. S. Army, specifications 
permit spot welding of bare extrusions of the above alloys under 
limited conditions. 

Forgings.—^Forgings serve most important functions as struc¬ 
tural and other fittings in addition to their well-knovn uses for 
making engine crankcases, pistons, and propeller blades. Many 
forgings are made from allo 3 ' A51ST, while 14ST is commonly 
used for liighl^” stressed forged fittings. Other allo\'S in common 
use for forgings are ITS, ISS, 25S, 323, 533, and 70S. 

Castings.—A large part of the airframe itself is composed of 
aluminum castings that are produced by one of three basic 
niethods—sapd, permanent mold, and die. Permanent-mold 
castings are used in order to obtain better ser\ice, more acciu;ate 
dimensions, and higher •mechanical properties. 

Die castings are restricted to parts subject to large production, 
which distributes the die cost over a large number of units, at the 
same time reducing macliining costs, because of better finish and 
closer tolerances. 

Castings may readily" be used to replace forgings of complicated 
shape. While forgings are sometimes preferred because of their 
greater strength and uniformity, castings ma^^ be usefully sub¬ 
stituted for forgings. It is to be noted that mam- castings are 
furnished ^'as cast,^^ and other alloys are heat-treated to obtain 
increased strength. For this reason, 'an\" replacement in this 
structure must.take account of the condition of the casting 
before an\" replacement can be made. 

76. Simple Tests for Identifying Metals.—times in 
repair, when specifications of metals used in the structure are 


Table VII.—^Dexsity of Aibcraft Metals 

Density, Pounds per 

Metals Cubic Inch 

Aluminum' alloys. 0.096 to 0.101 

Steel.'... 0.2S3 

Brass.:... 0.314 

Bronze. 0.315 

Monel.... 0.321 

Copper. 0.323 
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Table VIII.— Simple Tests 



Line 

• !Metal 

Volume of 
stream 

Length of 
stream, in.t 

1 

Wrought iron 

Large 

65 

2 

Machine steel 

Large 

70 

3 

Carbon tool steel 

Moderately large 

55 

4 

Grav cast iron 

Small 

25 

5 

White cast iron 

Very small 

20 

6 

Annealed malleable iron 

Moderate 

30 

7 

High-speed steel 

Small 

60 

8 

Manganese steel 

Moderately large 

45 

9 

Stainless steel 

Moderate 

50 

10 

Tungsten-chromium die steel 

Small 

35 

11 

Nitrided nitralloy 

Large (curved) 

55 

12 

Stellite 

Very small j| 

10 ' 

13 

Cemented tungsten carbide 

Extremely small 

2 

14 

Nickel 

Very small 1| 

10 

15 

Copper, brass, aluminum 

None 



* From Metals Proaress, October, 1940, p. 386-4. 

t Figures are obtained with 12-in. wheel on bench stand and are relative only. Actual 
t Spurts are the sparks (seemingly small explosions) that occur at intervals on the carrier 
§ Spurts are blue white. 

H Some wavy streaks may be observed. 
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.FOR Identifying Metals* 



Color of stream 

Quantity’ of 
spurts i 

Nature of 
spurts + 

Line 

Close to wheel 

Near end 

Straw 

White 

Very few 

Forked 

1 

White 

White 

Few 

Forked 

2 

White 

White 

Very many 

Fine, repeating 

3 

Red 

Straw 

Many 

Fine, repeating 

4 

Red 

Straw 

Few 

Fine, repeating 

5 

Red 

Straw 

Many 

Fine, repeating 

6 

Red 

Straw 

Extremely few 

Forked 

7 

White 

White 

Many 

Fine, repeating . 

S 

Straw 

White 

^loderate 

Forked 

9 

Red 

Straw § 

Many 

Fine, repeating! 

10 

White 

mite 

; Moderate 

Forked 

11 

Orange 

Orange 

; None 


12 

Light orange 

Light orange 

! None 


13 

Orange 

Orange * 

! None 


14 



I None 


lo 


length in each instance will vary with grinding wheel and pressure, 
lines. 
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not available, it becomes necessary to resort to simple tests for 
identif;>dng the more prevalent metals. The following procedure, 
requiring no paetallurgical training, is useful in this identification: 

The best procedure is to mai'k each kind of metal upon receipt, 
S. A. E., Navy, or Army designation in accordance with the 
specification (Table III). 

If the weight of the metal can be accurately measured, a rough 
classification can be made by comparing the wreight per cubic inch 
wfith the density in Table VII. 

It should be kept in mind that weight alone is not an absolute 
criterion for classification because there are many kinds of steel 
used in aircraft, which vary little in density and furnish no means 
of distinction on this basis. Again, appearance of aluminum- 
copper alloys and Monel metal or aluminum ailo^^'s depends 
upon their cleanliness and the vagaries of color blindness (see 
Table VIII). Similarly the spark test cannot be relied upon as 
a sole means of distingidshing metals since all metals, principally 
aluminum, and copper alloys, do not exhibit sparks. 

The .blowpipe or. torch test requires much experience to judge 
unfailingly the kind of metal in hand. 

Since the metals for aircraft use respond differently to each 
test for the determination of the kind of metal, it becomes possible 
by subjecting the metal to each test—appearance, chip, spark, 
and blowpipe—to approximate the type of metal in ciuestion. 
All of the tests indicated in Tables VII and VIII should be made 
before making a decision. One, two, or even three of the tests 
may not be reliable. 

77. Detection of Metal Defects.—There are three aids to reli¬ 
able inspection of metals for defects: (1) X-rays, (2) Magnaflux, 
and (3) microscopic examination. 

1. X-rays require a suitable-tube for projection of the X-ray 
beam against the part under inspection, and a transformer with 
voltage regulation equipment. Until recently the X-ray units 
have been stationary installations, and the parts, pai’ticularly 
assembled structures, had to be taken to the units in specially 
built lead-lined rooms. X-ray sets now are made available as 
portable equipment which may be taken to the point of inspection. 

Operation of this equipment is attended by a shock hazard 
due to high voltages required and by a deleterious'effect of long 
exposure of the body to X-rays. Manipulation of this highly 
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specialized equipment must remain in the province of trained 
X-ray technologists. 

With the proper interpretation, the X-ray photographs of 
aircraft reveal important data. The X-ray method has the 
advantage that it preserves the usefulness of the part or structure 
exposed to the X-rays. 

Development of the X-ray film. requires a special experience. 
Improper handling of the X-ray film may not reveal existing 
defects, or imperfections in the film ma^” readily indicate a defect 
where it is nonexistent. When' skilled operators handle the 
X-ray equipment and examine the photographs, the results are 
reliable. 

Imperfections, such as hairlines, which lower the fatigue 
resistance of the metal, are detected in forgings less than 2 in. 
thick. 

2. Magnaflux is the term used to define the patented non¬ 
destructive method of magnetizing metal parts wliich are suitably 
covered mth a paramagnetic material, usually finely divided iron 
particles. If a defect, such as an internal crack, exists in a posi¬ 
tion askew of the direction of the magnetic field, the magnetized 
powder collects over the defect. It is theoretically and actuallj" 
true that a defect, which is parallel to pie fluxj is not indicated. As 
the angularity of the defect relative to the flux path is increased, 
from a parallel to a 90-deg. position, the presence of the defect is 
more pronounced. It is necessary to demagnetize after e^ch 
inspection, since cross-magnetic fields neutralize or diminish the 
effective indication of the magnetic powder. 

' Defects, such as seams in steel products, cracks resulting from 
quenching, grinding, fatigue, or welding are readily distinguished 
when aligned' across the magnetizing field. An example of a 
defect in a master rod is shown in Fig. 51. 

The Magnaflux process is fully covered by patents and requires 
appropriate licensing for commercial use. Two methods are 
available, one using the direct-current method of magnetization 
which requires more than 300 amp. The latter type of unit 
makes possible the inspection of parts with large bulk, such as 
crankshafts. The process, is used both on magnetic metals, such as 
steels, and nonmagnetic metals, such as aluminum alloys. 

The dry powder used is a finely divided iron powder of high 
purity. The part is covered wdth a coating of this powder to 
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improve the magnetic permeability so that the maximum amount 
of powder will collect at the defect. Color, which is added in this 
coating, improves the visibility. The powder is applied by dust¬ 
ing it on the part. The excess powder is then dispersed by 
tapping, jarring, or tilting the part. The part under inspection 
7nust he thoroughly cleaned and free of oil or grease to eliminate any 
possibility of the powdeNs adhering at the dirty areas and covering 
defects. Parts which have been subjected to this treatment 



Fig. 51. —Magnaflux record of master-connecting-rod defect. Dry powder used. 
^ {Courtesy of Metals and Alloys.) 

should be slushed with oil to prevent corrosion of the surface 
which was chemically cleaned. 

In the wet method of Magnaflux inspection a*magnetic oxide 
of flow consistency is used as a suspension in ‘'varsol,'" a vehicle 
similar to kerosene. Dispersion of the magnetic oxide and the 
kerosene, when the part is immersed, is usually obtained by 
bubbling air through the solution. 

The wet method is preferred because cleaning of the part or parts is 
unnecessary and the paramagnetic oxide adheres to minute crachs 
much less in dimension than is possible to detect with dry powder. 
The large cracks cannot be wiped clean of the oxide, since this 
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material filters into the crack leaving a black line. With dry 
powder the deeper cracks show a greater accumulation of powder, 
which resists dislodgment by bloving or jarring. Experience 
is requisite to estimating the extent of the defect. Dry powder 
has a distinct advantage for rough surfaces such as forgings and 
welds. . But the wet method clearly has the advantage for 
finished surfaces. An example of this is illustrated in Fig. 52, 
which shows a crankpin defect. 



Fig. 52.—Defects in crankpin revealed by Magnaflux. {Courtesy of Metals and 

Alloys.) 

3. Microscopic inspection involves the sectioning of the part 
where the defect is anticipated, therefore the part is destroyed, 
so that its further use is impossible. This method is the only 
method of determinin-g the character of the defect, whether there is 
porosity or a crack due to overloading (whatever the cause), or 
whether there is an impurity or a defect due to the nature of the 
crystaUine structure. 

There are tw^o means employed to reveal the defects by the 
microscopic method: 

1. The macro test. 

2. The microtest. 
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In the macrotest the sectioned part is ground and then polished 
to eliminate the grinding cracks. The usual treatment thereafter 
is to boil the part -at 180°F. in a concentrated solution consist¬ 
ing of 80 per cent concentrated sulphuric 
acid (H2SO4) and 20 per cent hydrochloric 
acid (HCL). The time of immersion 
required is about 45 min. The part 
collects a soot owing to oxidation of the 
metal by the acid, which may be removed 
by a hot-water rinse. After drying, the 
specimen may be examined under the 
microscope. Forged parts or parts severely 
cold-worked respo7id readily to this treatment, 
revealing cross fiber and inherent weakness 
in fatigue.. Figure 53 shows a serious 
cross-grain structure in a rivet which has 
been headed while hot. The fiber orienta¬ 
tion is clearly visible as magnified 43^^ 
times actual size. Figure 54 shows an 

Fm 53.—Defective hot- example for cold-worked bolts. The 
formed rivet head. . ^ • 

picture shows the progressive development 
of the metal flow during the different stages of cold-forming. Af 
the right may be *seen a crack in the head of the bolt, caused 
by overstressing- 




_ • . .. . . .. > 

Fig. 54.-;-Progressive cold forming of bolt. Note defect in rim of head by over¬ 
stressing in die. 


For. the microtest the specimen is sectioned and progressively 
ground to a flat surface on a belt emery grinder with grain size 
varying from 60 to 320. Following this, the grinding is continued 
by hand, using successively 0, 00, 000, and 0000 emery paper, and 
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applying a minimum of pressure to prevent the deepening of 
cracks. The grinding preparation of the specimen for the etch¬ 
ing solution is completed by polishing the specimen on flat 
cloth-covered wheels until a mirrorlike surface is obtained. 
The specimen is now rinsed with alcohol. The alcohol is then 
slushed off by water, to prevent staining, and the specimen is dried. 



Each metal has its own best etching reagent which reveals its grain 
under the microscope. For steel, an immersion of approximately 
5 sec. in an alcoholic solution of 5 per cent nitric acid is universally 
satisfactory. The traces of acid are then removed vuth alcohol 
and water, and then the specimen is dried. It is now ready for 
a microscopic examination xmder a microscope of magnif\dng 
power in excess of 20 times. 

In etching aluminum alloys, in preparation for a microscopic 
examination, aqueous solutions—those having the acid or alkali 
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suspended in water—are best. Table IX shows satisfactory 
aqueous solutions and time of immersion in each. 

The dendritic structure of the aluminum alloys appears in 

Fig. 55. Figure 56 is a macro¬ 
graph showing flow lines in a bolt 
and in a rivet. 

78. Mechanical Failures in Air¬ 
craft Parts. —Any aircraft part, 
because of its highly stressed con¬ 
dition, is very sensitive to surface 
imperfections. Failure usually 
starts in the tension areas. 

When the cause of failure can 
be traced, the remedy can be 
applied correctly. The causes of 
failure may be summarized as due 
to (1) poor workmanship, (2) 
faulty heat-treatment practice, or 
(3) improper distribution of metal. 

Poor workmanship includes poor 
judgment in the use of metals in 
repairs. A knowledge of the kinds 
of materials and the safe allow^able 

Fig 56.—Macrograph showing flow- load of each is necessary for 
lines m a bolt and in a rivet. tit • 

reliable workmanship. 

Use of excessive pressures, which is a natural tendency in riveting, 
damages both the rivet and the plates. Squeezers and hydraulic 
presses, now in use, supply more than ample pressure for most 
rivets. Care must be exercised, therefore, in using just sufficient 



Table IX.— Solutions fob Etching Aluminum Alloys 

Immersion Time— 

Aqueous Solution Condition 

0.5% hydrofluoric acid (HF)... 15 sec., cold 

1% caustic soda (NaOH). .. 10 sec., cold 

0.5% hydrofluoric acid (HF) 1 

2.5% hydrochloric acid (HCL) >. 15 sec., cold 

1.5% nitric acid (HNO 3 ) J 

20% sulphuric acid (H 2 SO 4 ). 30 sec., 70°C. 

25% nitric acid (HNO3) . 40 sec., 70°C. 

10% caustic soda (NaOH). 5 sec., 70°C. 

10% hydrogen peroxide (HoOs)! 

10 % sodium chloride (NaCL) /. 


10 sec., cold 
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pressure to upset the rivet. Excessive pressure countersinks 
the plate area under the rivet heads, naaking an area vulnerable 
to fracture. See Fig. 57 for an example of a countersunk area 
and the reduction in the effective-load area in the sheet under the 
rivet. Use of dull machine tools such as milUng cutters, drills, and 
'punches is had practice as they tear the metal and reduce the fatigue 
of highly stressed parts. Presence of tool marks on finished 
parts or serrations from heaw-grinding practice hastens the 
failure of the parts, perhaps at a very critical moment. 

Aleticulous care must be exercised in handling parts if the full 
life of a part is to be realized. For example, parts clamped in 
hard \dse jaws should be protected by copper or aluminum 
facings. 

Evidence of rapid and uneven heating appears as a distortion; 
and overheating of metal parts causes distortions and warpage. 
These conditions cause diffi¬ 
culty in alignment of assembled 
units and in straightening. 

The usual methods, which re¬ 
quire more thought than is 
usually employed, are to correct 
the misalignment with the 
power presses or hammers. The inaccuracies of this straighten¬ 
ing process overstress a steel which possesses a low ductility in 
the heat-treated condition. An instance of the fractured push 
rod on jSTo. 1 exhaust of a radial aircraft engine, and the sub¬ 
sequent destruction of the engine and plane, serve to remind the 
mechanic that straightening of steel after its heat treatment is a 
very poor practice. 

Aluminum alloys differ from steel in the respect that for a few 
minutes immediately after heat treatment they remain plastic, 
so that straightening may be done without danger of overstress. 

Wai'page often occurs vdth temperatures in excess of those 
required for that metal, since the shrinkage is the contraction 
per degree of temperature. The higher temperature produces 
greater total contraction than otherwise should occur. 

The most common results of excessive temperature during heat 
treatment are coarse grain and burned intercrystalline areas. 
(The poor fatigue resistance of coarse-grained metal is outlined 
in Par. 65.) 



Fig. 57.—^Effect of excessive upsetting 
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The most severe effect of overheating, that of burned metal, is least 
susceptible to detection by external examination. The photo- 
macrograph in Fig. 58 indicates the deterioration of duralumin 
grains which have been subjected to excessive temperature. In 
this duralumin may be seen the oxidation of the aluminum mass 
which has been coarsened by a high temperature, and the fused 
intercrystalline area which has been embrittled. The deprecia- 



Fig. o8, —Overheated duralumin in bulkhead fitting. Note blistered appear¬ 
ance, color change, and brittle fracture in overheated section. Compare tough 
fracture in correctly heated sections.’ 

tion of the greater strength in the intercrystalline area consti¬ 
tutes vitiation of the strongest part of the metal (see Par. 65). 
Retrieving of the properties of metal in this condition can be 
obtained only by remelting in the presence of a suitable flux. 

Overheating in steel produces microchanges, such as coarsened 
grain and fusion of intercrystalline areas comparable to those of 
aluminum allo^^s. The only difference is the burning of the car¬ 
bon from the iron, called decdrburization. All of these effects 
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are shown in Fig. 50. The weakened surfaces of this steel speci¬ 
men are ob^dous. 

Aluminum alloys often exhibit exterior e^ddences of over¬ 
heating more clearly than other aircraft metals. Figure 58 is 
presented as an example which shows three notable evidences of 
excessive heating. These are (1) the change in surface color 
accompanying severe cases, (2) a mottled-appearing surface, 
and (3) a brittle fracture in the overheated area. The latter 
condition is readily discernible when a straight-edged fracture in 
the overheated area is compared vdth the jagged, tough-appearing 
fracture of the sound metal in the break farthest from the 
end. 

Overheating is minimized hy using temperature-measuring 
equipment for which the errors in temperaiiire are' known. When 
aircraft parts are. held within the specified temperatures for the 
particular alloy, the correct results are obtainable. 

After heating the metals to heat-treatment temperatures^ it is 
necessary to quench the specimen quickly and correctly to obtain 
full mechanical properties without warpage. Projection of parts 
into the quenching bath obliqued in such a manner as to develop 
vapor pockets at any point on the surface promotes warpage 
and soft spots. 

Transfer of heat through the vapor of a Hquid is slower than 
when the hquid completely ^^vrets’’ the surfaces. Distortion 
develops in the vapor areas when the hot part finally cools. 
Rehef of the shrinkage stress in these areas is b^' warpage, or, in 
very severe instances, by surface cracks w^hich are termed 
'^quenching cracks.^^ The remedy for these difficulties may be 
found in the quenching technic. 

Agitation of the cooling solution around the specimen during 
immersion serves to break up the vapor. Complete submersion 
of the specimen is required to prevent uneven coohng. Move¬ 
ment of the part being quenched should be in such a direction as 
to favor the minimum collection of vapor on any part of specimen. 

Improper distribution of metal is often a source of weakness. 
This is found in cast and fabricated parts of an aircraft structure 
and particularly in welded structures. 

Frequently, excessive heat in welding produces undercutting 
at or near the weld bead which leaves less cross section than the 
original sheet or tube. The undercut areas become ^oilnerable 
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to fatigue or highly concentrated stress. Failure of a fitting 
originating in an undercut weld is shown in Fig. 59. 

Equally as dangerous as undercutting is the excessive reinforcement 
of a weld head. The sudden increase in stiffness and strength 
in the reinforced area affects the transfer of the highly intensified 
stress to the adjoining plate metal. The movement-of the welded 

joint, due to contraction after cool¬ 
ing, is greatest in the bead. The 
bead, however, is of ample proportions' 
to absorb the shrinkage, whereas the 
plate metal is not. If cooling cracks 
do not develop, the deposited metal 
and its adjoining plate metal are left 
under high shrinkage stress. The 
bead proportions for weld metal are 
established in accordance with the 
standards shown in Fig. 82 and repre¬ 
sent the compromise between the extremes outlined on page 97. 

JOB UNITS 

Job Unit 3, Cadmium Plating 

Object: To plate metallic cadmium on a steel aircraft bolt. 

Equipment: 1. Direct-current generator with capacity of 15 volts and 
59 amp. Eclipse Aviation Generator Model 2144 at 2,400 to 3,000 r.p.m. 
is satisfactory. 

2. Four cleansing tanks: The first, with provisions for 20 per cent solution 
of caustic soda (NaOH) or electro cleaner; the second, hot- and cold-water 
rinse; the third, both of 10 per cent solution of hydrochloric acid (HCL) 
or commercial nitric acid; and the fourth, a weak cyanide dip (2 oz. NaCN 
per gallon of water) . 

3. Electroplating tank: A glass,-wood, or steel tank with negative- 
conductor bar at the center from'which fittings or bolts are suspended in the 
electrolyte, and two positive-conductor bars (brass, li in. in diameter) for 
suspending the cadmium bars for plating. These bars or rods are spaced at 
intervals of 3 in. 

4. Three gallons of a solution (or sufficient to immerse the cadmium 
and parts to be plated) consisting of the followdiig compounds, in the 
designated di^^ntity per gallon of water: 



Fig. 59. —Fatigue failure of 
fitting originating in undercut 
weld. Final fracture hast¬ 
ened by overloading. 


Sodium cyanide.•. 7 oz. 

Cadmium oxide. 3 oz. 

Caustic soda... . , 1 oz. 
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(Caution: This solution and the lethal gas which would be generated by 
introducing muriatic acid are deadly poison and should be kept away from 
the mouth, cuts, lungs, etc.) 

Procedure 

1. Preparation for plating: First clean the part to be plated. That is, 
remove ail scale, flux, etc., caused by wielding, by buffing wdth a wire brush, 
and then polish the part with emery cloth to produce a clean, smooth 
surface. This procedure leaves the part only mechanically clean. 

The part must be chemically clean for electroplating and this is acconi^ 
plished as follows (,see the procedure outlined in Fig. 60): 


Soluticn 


F/rsf step opf/or^ei) 
'^Farfs to ba plated 
must be mechan¬ 
ically cleaned first 


Use one double 
rinse toink for 
oli water rins- 
ing and rinse 
in Lower tank 
first 



.-Running v^atar 
ouriat 


Tig 60.—Plating cycle. 

Place the part in boiling caustic soda or electrocleaning bath for 5 min. 
to remove grease, then in hot and cold water to remove alkali. The part is 
next immersed for 1 to 2 min. in a 10 per cent solution of hydrochloric acid 
(HCL) or muriatic acid, after which it should be thoroughly rinsed in hot 
vrater to remove any trace of acid. The sodium cyanide in the plating tank 
generates a deadly lethal gas for which the antidote is of doubtful value, 
unless used instantly. 

2. Turn on the current in the plating before the parts are immersed. 
This prevents the “scum” on the top of the tank from contaminating the 
chemically cleaned surface. Care must be exercised to prevent the surface 
to be plated from being touched or handled after it leaves the muriatic acid 
or cyanide-dip rinse. 

3. Attach the part hy a w^ire suitable for suspension from the cathode 
(negative terminal) or contact rod so that the part touches neither the 
tank sides nor cadmium anodes. The apparatus which is used (Fig. 61) 
should permit the voltages to vary from IF 2 5 volts and the amperage 
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from 10 to 30 amp. per square foot of-the part. In calculating the surface 
area of the part it should be remembered that all sides must be plated, 
for which allow^ance must be made. For example, two sides must be 
included in the area calculations. 



Fig. 61 .—Wiring diagram—cadmium plating. 


Thickness of Deposi-hfn Inches 



Fig. 62 .—Current and time curves for cadmium plating. 


The rate of plating is measured in terms of the amount of current, in 
amperes, used per square foot of area. An average rate is 20 amp. A 
difference in area of two parts being plated simultaneously will make a dif¬ 
ference in the plating rate used, as more current is required for the large 
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part than for the sinaii part. With experience the piating rate is approxi¬ 
mated b 5 " observing the solution of gas from the cadmium cathodes. For 
more exact information, the ehart (Fig. 62) enables the operator to calculate 
the correct rate: 

4. After enough metal is deposited, cut olf the current and leave the*^ 
part in the piating bath for a while to help ‘‘fix’- the cadmium plating. 

5. The part is ready to be moved from the bath at the end of the time 
when the plated cadmium is from 0.001 to 0.002 in. in thickness per siuface. 
After removal from the bath the part should be rinsed in hot water, dried and 
assembled for service. 

Questions: 

1. Find the plating area of a flat plate 2 in. square and thick. 

2. Determine the correct plating rate for the flat plate in question 1. 

3. Describe the plating process for this flat sheet. 

Job Unit 4. Effect of Heat on Steels 

Object: To observe the effect of various degrees of temperature on the 
hardness, strength, and grain size (structure) of high-carbon steel. 

Material: A test bar Fig.. 63 of high-carbon steel (0.85 to 0.95 per cent 
carbon). 



Fig. 63.—Impact specimen. 

Apparatus: A scleroscope or Ilockwell hardness tester, a gas furnace, and 
a microscope. 

Procedure 

1. Heat furnace up to about 1600°F. 

2. In the meantime, test the hardness of various sections of the test bar, 
which should be about the same for all sections. Record the result. 

3. Insert the end of the test bar, marked 1, into the furnace in such a way 
that the rest of the bar will be heated by conduction; that is, so there will be 
a -gradual variation in temperature along the bar, until the lowest tempera¬ 
ture at 7, Fig. 63, is 900°F. As soon as section 1 or the hottest end has 
reached about the same temperature as the furnace (about IbOO'^F.) remove 
bar from furnace and quench quickly in water, immersing section 1 first. 

4. Dry the bar and polish off the scale with a piece of emery cloth. 

5. Test the hardness of each section uith the Rockwell tester. Record 
the hardness of each section. 
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6 . Observe while breaking off the pieces: 

a. The relative intensity of the blow required to break off each section. 

h. The coarseness of the grain (whether coarse or fine). Examine with 
eye ox the microscope. 

c. The type of fracture (whether coarse or fine). Examine with eye or 
microscope. 

d. The relative hardness of each section as determined by using a file or 
a Rockwell tester. 

Discussion 

1 . What can you say as to the relationship betw^een the relative hardness, 
grain size, ease of fracture, and temperature of each section; that is, how do 
the hardness, grain size, and ease of fracture of the section which reached the 
highest temperature compare wdth those sections which wrere heated to a 
lower temperature? Check your findings with the correct heat treatment 
in Eig. 47a. 

2. Vhat, then, w^ould you say is necessary to harden tool steel or high- 
carbon steel? 

3. Does this experience show^ exactly to what temperature a piece of tool 
steel should be heated in order to produce the most desirable combination 
of hardness, strength, and grain size? Why? 

The determinations of this experiment are only fair approximations, 
but they actually show' what happens when steel is quickly cooled from 
various temperatures. 

Job Unit 6- Identification of Aluminum Alloys 

Object: 1. To become acquainted wdth aluminum and its alloys by a 
study of its appearance. 

2 . To practice distinguishing the heat-treated and not heat-treated 
alloys. 

Materials: Selection of aluminum fittings for aircraft, anodic-treated 
stringers, Alclad tube, propeller blade, engine piston, pressed-aluminum 
sheet, all of which have been designated by suitable numbers. 

Procedure 

1. List from this group of specimens the heat-treated parts. 

2 . List the specimens not heat-treated. 

3. Record by number the parts formed by cold-wmrking and by hot- 
wmrking. 

4. State the evidences of overheated duralumin, if present. 

Questions 

1 . Prescribe the correct heat treatment of duralumin to obtain the 
maximum physical properties and resistance to corrosion. 

2 . How' are hot-wmrked specimens designated in specifications? (Ref. 5.) 

3. For cold-forming by drawling sheet 24SO, He in. thickness, what is 
the minimum bend radius? VTiat would be the result of forming an over¬ 
heated 24ST fitting? 
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4. In what way may heat treatment be done to assist the corrosion 
resistance of ahiminum alloys? (Ref. o.) 

Report: Write the results of your investigation in the form of a report 
which gives all the information you obtained in such a way that others will 
understand all the details. 


Review Questions 

1. Describe the method of transforming a hard steel into a softened 
state. 

2. a. ^^^lat is stress-relief anneal? 

b. How does tempering differ from stress-relief anneal? 

3. What are the advantages of normalizing compared to full annealing? 

4. a. \Wiat method is used to harden high-carbon steel? 

b. How is it possible to harden the surface of a low-carbon steel? 

6. What is nitriding? For what steel is it used? 

6. Name tw'o advantages of a nitrided steel in comparison with car¬ 
burized steel. 

7. For what metal is anodic treatment used? Why is this process 
required? 

8 . a. In what four ways are the results of heat treatment affected? 

b. Illustrate how one of these factors changes the heat treatment. 

9. a. When cooling a piece of heated steel to room temperature, it has 

been stated that, in shrinking, the hot side becomes the short side. 
Indicate by an illustration of a fiat bar how’ the piece w’ill warp 
when taken from the furnace and placed upon a cold steel plate 
to cool. 

b. How would you prevent this warpage? 

10. Name the most common causes of failure in aircraft construction. 

11. To w’hat cause would you assign the failure of a steel drill w’hich dulls 
rapidly when drilling hardened tool steel? 

12. Describe the solution treatment for 24ST alloy. 

13. a. What is the precipitation heat treatment and for w'hat alloys is 

it used? 

b. W^hy should the precipitation heat treatment be used on certain 
alloys? 

14. Describe a method whereby overheated aluminum alloys may be 
detected. 

15. What constitutes the best method of reclaiming burned steel or 
aluminum. . 
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Question for Thought and Study of References 

1. State the temper designations for aluminum alloys. (Ref. 5.) 

2. What is the significance of the terip “endurance limit”? (Ref. 3.) 

3. Name important mechanical defects in mechanieallv worked metals. 
(Ref. 7-and 8.) 

4. What are the effects of heat upon cold-drawn structural shapes? 
(Ref. 8.) 

6. in what orientation does fatigue cracking of duralumin' occur? 
(Ref. 6.) . 

6. Name a few- of the “stress raisers” wteh decrease the fatigue life of 

metals. (Ref. 11.) • ^ 

7. Describe the procedure in balancing a metal propeller. (Ref. 11.) 

8. Describe how metals are tested in fatigue. (Ref. 7.) 

9. Name some of the uses of anodic treatment of aluminum for aircraft 
(Ref. 12.) 

10. yVhat lactors should be studied in the developing of a design for a 
stamped or formed steel part? (Ref. 13.) 
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AIRCRAFT-MAINTENANCE WELDING 

It is essential that the airplane mechanic be a skillful welder 
because; in making repairs on an airplane strncturej welding is 
the most satisfactory method yet devised, from the standpoint 
of low cost, minimum time, and weight 

Requirements for the Airplane Welder.—An apprentice welder 
must have completed grade school and junior high school or 
their equivalent in order to advance in his trade. To practice 
the trade as a journeyman welder, the student must complete the 
qualifying tests prescribed by the Bureau of Air Commerce. All 
welded repairs must conlbrm with the regulations prescribed in 
Aeronautics Bulletin 7-H for aircraft with commercial licenses. 

Physical .—The minimum age limit is 16 years. The student 
must pass the regulation physical examination of eyes, ears, nose, 
lungs, heart, and abdomen. The aircraft welder must be of 
sound mind and body and be physically fit to withstand the usual 
hazards of the welding trade. 

Mental .—^The welder must be familiar with the correct welding 
procedure for the various types of w^eld repairs in order to make 
sound wields. Only the best welds should be allowed in a repaired 
section. 

79. Equipment and Materials for a Welding Shop.—The 

facilities for repair Svelding are prescribed by V. S. Bureau of 
Air Commerce. These requirements should be considered as 
minimum for adequate execution of aircraft ‘ welding. The 
following facilities are outlined for welded repairs of steel struc¬ 
tural tubing, and steel fittings d 

1. Stock room with provision for segregation of materials. 

2. Record system for all work. 

3. Drafting equipment for preparation of drawings. 

. 4. Room facilities with proper heat, ventilation, lighting, and safe 
handling of gases under high pressure. 

5. Licensed personnel which is qualified to perform or supervise welding. 

^ See also Par. 11 for additional welding equipment. 
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6 . Oxyacetylene-welding equipment with the proper range of torch tips 
and supphes. 

7. Portable buffer. 

S. Bench and vise. 

9. Power emery wheel. 

10. Hand tools such as hack saws, clamps, tools for laying out fittings, 
micrometers for tubing and flat sheet, level, and a full set of reamers. 

11 . Cutting and forming tools. 

12. Portable drill and drill press with full assortment of drills. 

13. Magnifying glass with 10 to 20 minimum pow>'er. 

14. Long and short trammel rods with adjustable points for alignment of 
fuselage bays. 

15. Adequate supply of all standard sizes of S. A. *E. 1020 and S. A. E. 
4130 tubing and sheet (in stock or readily available). 

16- Supplies and equipment for painting and applying protective coatings 
to outside and inside of tubing and fittings. 

17. Supply of necessary small standard parts-. 

18. Soldering equipment and supplies. 

80. Classes of Aircraft Welds.—^The welds, most generally 
used in aircraft are the gas-flame weld, the metallic-arc weld, 
and the resistance weld. 

By the gas weld is meant the fusion weld in which the welding 
heat is produced by combustion of a mixture of acetylene and 
oxygen or of hydrogen and oxygen. 

The metallic-'arc weld is a fusion weld in which the welding heat 
is supplied by an electric-arc flame between the parent metal 
(tubings, fittings, etc.) and the electrode. The electrode, which 
is an electrical conductor, is the welding wire w'hich, wHen melted 
in the arc flame, supplies the metal for the gap between the 
interfaces of the adjacent parts at the w^eld. 

The principle involved in resistance welding may be described 
in the follovdng manner: The resistance offered by a poor electri¬ 
cal conductor, such as steel, when clamped by electrodes of high 
conductivity, such as copper or copper-tungsten alloys, develops 
a more rapid heating in the steel conductor than in copper. By 
superimposing a pressure on the electrodes of sufficient concentra¬ 
tion, when the grain grovrth and recrystallization have developed 
with electrical heating, the mating surfaces become locally 
interlocked but not necessarily fused. When metals, such 
as aluminum, which have high electrical conductivity, are 
resistance-welded, satisfactory welds are obtained by reducing 
the time of current passage and by dumping currents of higher 
magnitude than required for steel. 
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81. Equipment for Gas Welding. —For gas welding, the follow¬ 
ing apparatus is required: 

1. Oxygen and hydrogen tanks to witlistand 3,000 lb. .per square incb 
pressure at 70°F. and store 100 to 220 cu. ft. These tanks are protected by 
safety diaphragms which burst at 3,000 lb. per square inch when excessive 
heat surrounds the tanks (see Fig. 64). 

2. Acetylene tanks or an acetylene generator for acetylene supply. Acety¬ 
lene from tanks is dissolved in acetone and retained in the absorbent asbestos 



Fig. 64.—Oxygen and acetylene tanks, regulators, and equipment, portable unit. 
(Courtesy of The Linde Air Products.') 


and clay tank lining (Fig. 64). The acetylene available in these is referred 
to as dissolved acetylene. 

The generated acetylene requires a suitable generator similar to that 
described in Par. 84. 

3. Regulators to reduce the tank pressures and control the flow of gas to 
the torch. There are two types of oxygen regulator, the single-stage and 
the two-stage. The two-stage type (Fig. 65) is preferred since it provides a 
steady, uniform flow of oxygen vrhich provides a constant torch flame. 
Acetylene regulators are of the single-stage t%q)e. 

4. Manifolds and hose to provide for the safe distribution of gases from 
the tanks or gas supply to the torch. . 

5. Welding torches or hlowjpipes to mix the acetylene or hydrogen, when 
designed for separate use of each gas, with oxygen. Each torch is equipped 
with a mixing nozzle which has the function of proportioning each gas for 
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the uiaximum flame temperature. The character of the flame varies in-a 
manner shown in Figs. 72 and 73. 

6. Goggles for protecting the eyes from eye strain and hot metal. Goggles 
are provided vdth colored lens, either amber- or green-tinted, to soften the 
reflected light of the molten steel and permit a detailed study of the molten 
weld. Either the strap goggles or helmet goggles are available. Unde?- no 
cii'cumstances shoidd these goggles he used to witness electric-ai'c welding, since 
temporary blindness may be ca.used. 



Fig. 65.—Single-stage. stem-type regulator; safety diaphragm not shown. 

{Courtesy of Linde Air Products Company.) 

7. Welding wire, often termed filler rod, for supplying metal in the gap 
between the interfaces of metal. 

8. Accessories such as spark lighters and gloves. Each piece of this equip¬ 
ment pro\’ide 3 the means of preventing serious burns, the spark lighter when 
lighting torches and the gloves during welding operations. 

82. Gases for Aircraft 'Weldm.g,—Oxygen, which is one of the 
principal and abundant chemical elements, is necessary to support 
the combustion of acetylene or hydrogen. While oxygen itself 
does not burn, it causes other substances to burn. Oily gloves 
or waste, and paint will hum violently in the presence of cowimercial 
oxygen. Thus it is apparent that oxygen leaks should be pre¬ 
vented. Oxygen leaks, however, are difficult to detect since 
oxygen has neither odor, taste, nor color. 

Small leaks are found in hose and manifolds by soap suds made 
from only pure castile or ivory soap, or glycerin. The suds froth 
or bubble at the source of leaks. x4t high pressures, such as 
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encountered in welding, loss of oxygen is accompanied by a 
hissing sound at the leak. Oxygen at a high pressure expands 
rapidly in volume from the tank pressure to atmosphere pressure, 
propelling objects in the immediate vicinity with considerable 
velocity. These objects have been known to be parts of the tanks 
themselves, and parts of human bodies. 

83. Safety Precautions for Oxygen. 

1. Keep oily or greasy waste, hose, hands, gloves out of contact with 
oxygen. 

2. Keep oxygen fittings tight to prevent loss of oxygen and possible 
explosion. 

3. When regulator-threaded fittings do not screw on easily, the wrong 
regulator is being used or an adapter fitting is required. 

4. Never connect an oxygen regulator to a tank containing acetylene, 
compressed air (which usually contains* oil) or any combustible gas, or vice 
versa. Explosions will result. 

84. Acetylene Gas.—This is a colorless gas containing 2 parts, 
by weight, of carbon and 2 parts by weight of hydrogen (C 2 H 2 ). 
It has a pungent odor, often nauseating in its effect. Acetylene 
is generated from calcium carbide in contact with water. 

Calcium carbide is nonexplosive. When not in use carbide is 
stored in airtight drums to prevent the formation of acetylene. 

Acetylene, which is generated from calcium carbide, is inflammable 
and explosive in air between the following limits: 2 per cent 
acetylene by volume with 98 per cent oxygen by volume, and 
one half air and one half acetylene by volume. At pressures in 
excess of 30 lb. per square inch, acetylene is apt to explode, or burn 
combustible materials. Low and medium pressure acetylene 
generators maintain operating pressures below this limit and are 
sealed to prevent mixing of air and generated acetylene. 

85. Generated Acetylene.—Acetylene is formed in suitable 
generators, for example, as shown in Fig. 66. The type illus¬ 
trated is of the carbide-to-water type. In this type the carbide 
is distributed by a revolving plate so that the calcium carbide 
•particles fall into a large bath of water, thus generating the gas 
with, a minimum of heating from the chemical reaction. This 
type of generator is for stationary practice such as is required in the 
repair shop or manufacturing plant. All parts are accurately 
fitted. The feed mechanism is covered to be dust-tight and yet 
to be readily accessible for adjustments and replacements. 
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The feed 'mechanism is a cylinder with a circular opening at 
the -bottom and a revolving circular plate suspended on the 
vertical motor drive shaft, which extends through the hopper 
to the driving mechanism. The carbide falls on this revolving 
disk and is swept off by scrapers projecting from the hopper. 

Instbtjctions for .Ox-weld-Type MP-7 Acetylene Generator 

KEY TO Fig. 66. 

A. Residue agitator 
Aa. Handle 

B. Splash baffle 
Ba. Support baffle 

C. Carbide hopper 

D. Dome 

E. Carbide feed valve 
cleaner 

F. Feed lock rod 

G. Pressure gauge 

H. Hydraulic back-pres- 
• sure valve 

Ha. Water-level plug 
Hh. Drain plug 
K. Interference lever 
M. Moisture trap 
ikfa. Drain plug 

O. Feed-control housing 
Oa. Spring 

Oh. Pressure-adjusting 
screw 

Or/. Vent pipe 
Oh. Flange 
Oj. Diaphragm 

P. Pressure-adjusting 
handwheel 

Q. Water-filling valve • 

. Qa.- Funnel 
Qh. Handle 
Ra. Generating cham¬ 
ber relief valve 
Rh. Hydraulic back¬ 
pressure valve 
relief valve 

S. Carbide charging door 

T. Residue valve 
Ta. Handle 

U. Water-overflow valve 
Ua. Handle 

V. Carbide feed valve 
Va. Feed-valve lever 
Vh. Rubber seat 
Ve. Feed-lever spring 

W. Water shell 
• Wa. Handle 

-X. Service valve 

Xc. Hose connection 
Y. Filter pads 

Fig. 66. — Schematic drawing of medium-pressure generator. Oxweld Type 
Acetylene Generator. (^Courtesy of Linde Air Products Company.) 

A diaphrag?n regulates the rate of acetylene generation by actuating 
a simple lever attached to the feed mechanism. This driving 
mechanism is propelled by a weight which descends at a rate 
determined by the speed of the flyball governor. Thus the 
carbide is fed only as fast as required. The generator is equipped 
with pressure-relief valves so that the pressure is maintained at 
less than 20 lb. per square inch. 
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Provision is made to remove mineral and chemical impurities 
from the generated acetylene. Fine lime duvst is the most 
important impurity removed. Hydrogen sulphide (H 2 S) and 
water vapor are eliminated from the acetylene in the best type 
of generator. The presence of lime dust and hydrogen sulphide 
in acetylene impairs the strength of a gas weld because these 
impurities are carried by the flame into the molten weld where 
the lime dust forms large voids or brittle inclusions, and sulphur 
in H 2 S embrittles the weld. 

86. Dissolved Acetylene. —After acetylene has been generated, 
it is possible to store it safely for later use in acetone at prcvssures 
in excess of 235 lb. per square inch. This is termed dissolved 
acetylene in contrast to generated acetylene. The dissolved 
acetylene is more expensive than generated acetylene, but in 
tanks as shown in Fig. 64 it is convenient for portable use in the 
repair station. 

Dissolved acetylene is distributed in steel cylinders similar 
to Fig. 64. Eighty per cent of the capacity of the acetylene tank 
is occupied by porous absorbent material which is saturated with 
acetone. The porous, absorbent tank lining serves important 
purposes: First, to divide the acetylene in fine particles and 
eliminate the possibilities of explosion; second, to provide space for 
the acetone which expands upon dissolving acetylene. Acetone 
dissolves 24 times its owm volume of acetylene at 60 °F. for every 
atmosphere (14.7 lb. per square inch) of pressure. For instance, 
at 225 lb. per sq. inch in an acetylene tank (Fig. 64) the acetone 
dissolves 368 times its owm volume in acetylene wdth a volume 
increase of 60 per cent for the acetone. 

87. Safety Precautions for Acetylene. 

1 . Fuse plugs on acetylene tanks are to he left intact and not unscrewed. 
These plugs protect the tank from explosion w’hen excessive heat is present 
near the tank since the top surface of each plug is covered with a low- 
melting-point metal, which when melted, uncovers an opening through 
which acetylene escapes. 

2. Avoid open contact of acetylene and oxygen. In combination without 
proper mixture (which is rarely possible except in correctly designed torches) 
these gases are violently explosive and destructive. To prevent this possi¬ 
bility of open contact, acetylene hoses are made red with left-hand fittings, 
while oxygen hoses are made green with right-hand fittings, so that hoses can¬ 
not be interchanged. 

3. The safe maximum pressure on the low-pressure side of the acetylene 
regidator is 15 lb. per square inch. Above 15 lb. per square inch any sudden 
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fluctiiation often precipitates acetone into the regulator where the valve 
seats, and passages are clogged so that the pressure builds up to explosive 
valves. 

4. Release diaplirag7n on the regulator (Fig. 64) when closing down apparatus 
to prevent the feeding back of water from the hydraulic flashback chamber, 
Fig. 69, and clogging the regulator. 

5. Close tank valves when acetylene tanks are empty to prevent evaporation 
and loss of acetone. . Mark empty tanks with letters M.T. 

88. Hydrogen. —Hydrogen is used with oxygen in torches to 
produce heat for aluminum welding. Hydrogen is a colorless^ 



Fig. 67.—Two-stage oxygen regulator for aircraft 'welding. {Courtesy of Linde 
Air Products Company.) 

tastelessj odoidess, and inflammahle gas. It explodes in air at 
612°F. and in commercial oxygen at room temperatures. Detec¬ 
tion of leaks must be by glycerin or soap suds as for oxygen and 
under no circumstances with, a lighted flame. Special regulators 
and torches must be used for thie mixing of hydrogen and oxyg’en 
or compressed air. Since hydrogen displaces oxygen or air in the 
lungs, welding should be done in well-ventilated rooms. 

89. Safety Precautions for Hydrogen. 

1 . Hydrogen must he kept from the vicinity of open flames. Use only torches 
prescribed for burning hydrogen. 

2. Avoid contact of oxygen and hydrogen because an explosion will result. 
Oxygen hoses should not be iped for hydrogen. 
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3. Store hydrogen tanks in cooL dry place at 70°F.,but not at a freezing 
temperature^ because traces of moisture freeze in the tank or regulator 
stopping the hydrogen Sow to the torch. 

4. Repair leaks only after the hydrogen is shut off at the supply tank. 

90. Regulators.—A regulator serves two purposes: First, to 
reduce pressure from the tank or supply to the lower pressure 
at the torch; second^ to control the flow of gas without variation 
as the tank pressure decreases. The regulation and reduction of 
pressure is ohtained hy interposing one or two nozzles between the 


high-pressure and low-pressure sides. 
the regulator is known as a single- 
stage regulator (Fig. 68). The regu¬ 
lator which reduces the pressure in 
two successive nozzles is called a two- 
stage regulator (Fig. 67). These are 
representative of the two funda¬ 
mental types of regulators. 

Where large volumes of oxygen flow 
during the cutting of steel (Par. 105) 
the stem type (Fig. 65) provides ample 
capacity. Overloaded nozzle-type reg- 
■idators (Fig. 68) teyid to freeze when 
used for supplying oxygen in cutting or 
burjidng steel. The rapid expansion 


When 07ie 7iozzle is used, 



Fig. 6S.—Nozzle-type regu- 


at the nozzle and its seat (Fig. 68) lator for aircraft welding, 
lowers the temperature enough to chill Equilmint Codimf 
and free traces of moisture in regulator 

parts which have not been jDrotected by dust caps from the infil¬ 
tration of moist air when disconnected. 

In the oxygen-metering mechanism. (Fig. 65) the oxygen passes 
from the high-pressure side 2 to the stem 3. The pressure at this 
point is registered on the high-pressure (not shown) gauge. The 
metering stem 3 extends from the high-pressure chamber 2 to 
the low-pressure space 9. The oxygen on the high-pressure side 
forces the stem against its seat 3 except when depressed by the 
crossbars 6. Control spring 6 assists the high-pressure oxygen 
in seating the stem 2, and damping out any fluctuation in oxygen 
flow during cutting. 

By turning the crossbars 6 in a clockwise motion when facing 
the front of the regulator, spring 7 is compressed and depresses 
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the diaphragm 8. By this means the pressure is increased to a 
working value which is registered on the low-pressure gauge 10. 
As the stem moves away from its seat 4, the oxygen passes 
through the cavity around the stem into low-pressure space 9, 
thence through the hose ferrule 11 into the hose. 

For the operation of this type of regulator, with the tank, 
regulator, hose, and torch connected, take the conditions when 
the torch valves are closed and no oxygen is leaving space 9 when 
the low-pressure gauge is reading 15 lb. per square inch. 

What preceeded this condition was that the valve stem 3 had 
been moved away from its seat 4 by turning the crossbars clock¬ 
wise until the pressure in space 9 reached 15 lb. per square inch. 
Instead of the stem 3 remaining off of its seat, the following opera¬ 
tions occur, automatically. The oxygen as it flowed by the stem 
filled the low-pressure space 9 until 15 lb. per square inch was 
exceeded. Then the excess pressure deflected the diaphragm, and 
by means of spring 5 the valve stem moved with the diaphragm. 
The movement of stem 3 wdth the diaphragm 8 finally shut off the 
high-pressure side by forcing stem 3 against its seat 4. Should 
the pressure in space 9 be released for any reason, such as opening 
the oxygen valve on the torch, a portion of the compression of 
spring 7 is released, and the diaphragm 8 forces the stem 3 away 
from its seat until the opening is sufficiently large to supply 
oxygen at 15 lb. per square inch. 

•The tivo-stage regulator (Fig. 67) has the same operating princi¬ 
ples wdiich have been discussed for the stem-type regulator, 
except that the reduction from tank pressure to wmrking pressure 
is obtained in two separate stages. In this type of regulator, 
precision control of the oxygen flow is possible with very slight, 
if any, fluctuation in the low^-pressure oxygen supply. 

91. Two-stage-regulator Operation.—Where a small flame, as 
in aircraft w-elding, requires fine adjustments and close regulation 
wdthout pressure fluctuation, this type of regulator (Fig. 67) has 
found wide acceptance. 

The oxygen enters at highest pressure through passage 1 and 
around stem 2 in the first pressure-reduction stage. The stem 2 
is held from its seat by a spring and diaphragm 4 w^hich is so 
adjusted by the manufacturer to deliver oxygen at 150 to 200 lb. 
per square inch to the second stage through part 6. There are 
two instances when the stem 2 is held from seating at 4: First, 
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when the tank pressure is between 15 to 200 lb. per square inch; 
and second, when supply tank pressures are less than those set 
by the welder for the second or final pressure stage. In either 
instance the second stage is adjusted by the crossbar and auto¬ 
matically maintains the pressure since the yalve stem 2 in the 
first stage is wide open permitting the second stage (7 to 12, 
inclusive) to function as a single-stage regulator (Fig. 65). The 
first-stage control requires no external adjustment, if left with 
factory settings for pressure and volume. 

92. Nozzle-type Regulator.^—;The mechanism for pressure 
control in this type of regulator differs fundamentally from the 
stem type in the pressure-reduction mechanism. A typical 
regulator of this type is shown in Fig. 68. The oxygen at high 
pressure passes through the filtering screen inlet, which appears 
with the dust cap in place when disconnected from the tank. 
The oxygen flow branches to the high-pressure gauge and to the 
stationary nozzle. 

The nozzle seat is a part of the valve body. This sleeve is 
hollowed out on the top side to accommodate a spring and nozzle 
body (see Fig. 68). When a screw is turned counterclockwise, 
facing the front of the regulator, the diaphragm is relaxed and the 
spring expands to hold the nozzle seat against the stationary 
nozzle opening with sufficient pressure to prevent leakage past 
this seat surface. 

By turning the adjusting screw clockwise, when facing the front 
of the regulator, the spring is compressed. The diaphragm 
presses against the end of the valve sleeve, compressing in turn a 
valve spring which opens a space between the nozzle and the seat. 
Oxygen then passes from the high-pressure side into the low- 
pressure space, with reduced pressure, and out into the hose. 

Any fluctuation in the oxygen flow is reduced by the use of 
springs which act to cushion or dampen the oscillation. Con¬ 
sequently, the sensitivity and accuracy of this type of pres¬ 
sure regulator depends upon the wear resistance of the nozzles 
and their seats, and upon the durability of the springs, diaphragm 
and sleeve. 

^ This regulator is often used with acetylene as the gas except that lower 
pressure gauges are used and the body of the regulator is painted red (denot¬ 
ing acetylene) instead of green (for oxygen).* 
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93. Preparation, for Using Regulators.—The tank valve' is 
opened slightly for an instant and then closed. This is known 
as cracking the valve; it removes dirt or dust w-hich otherwise 
wmuld enter the regulator screen and clog the passages. The 
operator should stand at the side of the valve instead of in froiit 
when performing the operation. Connect the union nut of the 
regulator to the nipple on the tank valve. Release the crossbars 
or adjusting screw until the screw turns freely but not.so far as 
to allow them to drop and break the crossbars or burr the threads. 
Fasten hose-coupling nuts on the regulator. Then open the 
oxygen-cylinder valve.. Turn adjusting screw or crossbars 
clockwise or to the right until the oxygen passes through the hose 
to clear it of any dirt or “talc” (when the hose is new) which would 
be carried into and clog the mixer of the torch. Unscrew the 
adjusting screw to shut off the low-pressure oxygen. Connect 
the torch to the hose when valves are closed and turn on the 
oxygen until the desired pressure is obtained, 

Acetylene. —Before connecting acetylene regulators, check the 
cylinder valve for leaks by either smell or soapy water, never with 
flame or match, if you value your life. Do not use leaky tanks, 
but notify the supplying company and follow^ their instructions 
as to its return. Crack the valve on good .tanks. Attach acety¬ 
lene regulator, noting that the threads are left-handed. Check 
union at the regulator-tank connection for leaks and tighten if 
you are certain that the regulator is the correct one or the correct 
adapter is used- 

Jjse the same procedure in attaching the hose and torch connection 
as outlined for the oxygen equipment. Check the gauges frequently 
for pressure increase or creeping due to faulty or worn seats or 
dust. If creeping occurs, have the regulators repaired or cleaned 
by experienced, reliable regulator-service men. 

94. Back-pressure Valves.—Distribution of acetylene in large 
quantities requires a generator supply, because the manfolding 
of dissolved acetylene tanks is more expensive and involves more 
handling than generated acetylene. For repair stations using 
generated* acetylene at low pressure the back pressure resulting 
from flashbacks causes the reversal of acetylene flow. To prevent 
the backfire from reaching the generator or acetylene supply tanks, 
back-pressure valves are used. A typical back-pressure valve 
(Fig. 69) requires little attention, except checking of the wnter 
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level periodically, and continues to function instantly when the 
correct installation has been made by experienced equipment 
manufactures. 

In operation, the hydraulic type of back-pressure valve (Fig. 69) 
allows the acetylene from the supply to enter through.the delivery 
tube and to proceed in the direction of the arrow. The acetylene 
in its flow is bubbled through the water into the chamber com¬ 
municating with the acetylene- 
hose connection. Should the 
acetylene be compelled to flow 
in the reverse direction, owing 
to a pressure of 10 oz. or more 
per square inch built up during 
a back pressure or possibly 
excessive oxygen pressure in the 
balanced-pressure type of weld¬ 
ing torch, the level in the water 
seal is depressed, since the 
water cushions the reverse flow 
by changing level. If the 
reversed flow is persistent and 
of the proper magnitude, the 
w'ater seal B is broken and the 
mixture rises through the vent 
tube into the atmosphere 
through the vent pipe. When 
the hack-pressure (which this 
reversed pressure is called) 
ceases, the water returns to its 

normal level, sealing B with (<JouHesyofTheL%7ideA%rProd- 

' ® ucts Company.) 

W’ater. 

A less effective means of preventing damage from backfires 
will be found on acetylene manifolds in hollow coupling sleeves, 
filled with finely divided lead shot. These sleeves are connected 
in the line from the manifold to the dissolved acetylene tank. 

95. Manifolds. —^When single cylinders furnish insufiicient 
acetylene or oxygen, several cylinders are connected in rows by 
pigtail tubes to a horizontal supply line. The pigtail connection 
allows for the expansion and contraction and makes the connec¬ 
tions adaptable to cylinders which usually vary slightly in height. 


Supply.-::^ 





Fig. 69.—Hydraulic back-pressure 
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The usual manifold connections are made so that 4/ 8, 10, 20, or 
30 cylinders are tied onto the manifold. Only half the total 
number, that is, 2, 4, 5, 10, and 15 supply oxygen or acetylene 
at one time. When one side of the manifold is exhausted, it is 
turned off and the remaining tanks are opened. In this manner 
the empty tanks are replaced by full tanks without interferring 
with the supply for welding. Manifold construction and installa¬ 
tion must conform to municipalj statCj and national laws and there¬ 
fore should he installed hy manufacturers of this equipment or their 
agents. 

96. Accessory Welding Equipment.—^All regulators are fitted 
with pressure gauges. For oxygen, the high-pressure gauges 
read to 3,000 lb. per square inch at sea level and for graduations 
in pressure below 2,200 lb. per square inch are marked for oxygen 
in cubic feet. The low-pressure gauges on each oxygen regulator 
registers to 50 or 100 lb. per square inch for welding, and for 
cutting pressures to 400 lb. per square inch. When bringing up 
the pressure on the regulator, it is safe to stand at the side of gauges 
since a gauge is much stronger at the side than in front or hack. 
The back of the modern regulator is snapped on so that with the 
failure of the ga^e, the back blow^s out. 

Acetylene gauges are of two kinds, the high-pressure gauge 
registering 350 lb. per square inch maximum, and the low-pressure 
gauge reading to 15 lb. per square inch. No graduations appear 
above 15 lb. per square inch because this pressure is considered 
the safe maximum pressure for acetylene lines. 

97. Welding Torches or Blowpipes.—Two purposes are served 
by welding torches; First, to mix oxygen and acetylene or com¬ 
bustible gas in the most efficient combination and in safe propor¬ 
tions for these gases; and second, to direct and concentrate the 
heat resulting from gas combustion at the weld. Valves are 
provided on the torch to control the mixture of acetylene or 
hydrogen and the oxygen. Only hy the manipulation of the torch 
valves is it possible to control conveniently the size and nature of the 
flame.- 

Welding torches'for aircraft use are-of two general kinds: 
The injector type, operating at pressures in excess of 1 lb. per 
square inch for acetylene, and average oxygen pressure of 20 lb. 
per square inch; and th.e balanced-pressure type of torch in which 
the oxygen and acetylene are mixed at equal pressures. 
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The injector type of torch is illustrated in Fig. 70, and operates 
as follows: The grip handle H shields oxygen tube 1 and acetylene 
tube 2 to the respective valves 3 seating at 5, and 4 seating at 6. 
With valve 3 off its seat, the oxygen flows into the center of 



removable tip 

Fig. 70.—Injector-principle welding blow pipe. 


mixer 7 until the passage is reduced in diameter at 8 where the 
oxygen gains velocity and the pressure drops sufficiently to suck 
the acetylene (when valve 4 is off its seat) into the oxygen stream 
leaving the mixing chamber at 9.. Since the,direction of flow 
is toward the lower pressure, the mixed oxygen-acetylene proceeds 
through the gooseneck tube 12 and through tip 13 where the mixer 



Fig. 71.—Balanced-pressure welding blow pipe. ^Courtesy of Linde Air RrodueAs 

Company, 

is lighted. The better types of injector torches provide for the 
mixed gases to expand at 11 just .beyond the mixing chamber at 
9 in order to intermix the gases thoroughly. Construction of the 
passage at 13 again increases the velocity as the gases leave 
the tip. The amount of heat available at the tip is provided by 
interchangeable larger or smaller sizes depending upon the thick¬ 
ness of metal being welded. The tip sizes are listed in Table X 
for different thickness of metal. The recommendations of torch 
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manufacturers for tip sizes and different thicknesses of metal 
should be followed for effective welding. 

The balanced-pressure type of torch is shown in Fig. 71. The 
oxygen and acetylene are regulated by the opening of valves A 
and Bj whence they pass through their respective tubes C and D 
at equal pressure to the mixer assembly E. The mixed oxygen 
and acetylene are first expanded in tube TT and contracted in G. 
The same operations are repeated where the gases escape to the 
atmosphere and are ignited off the goose-neck tip G. The 
alternate expansion and contraction serves to mix the gases 
thoroughly and supply a steady flow of gas mixture in correct 
proportions. 

The most common difficulty in handling the torch dvrring welding^ 
is the flashback or hackfire, which is attended by a telltale popping 
noise. This condition must be prevented in order not to burn 
and damage hose finings and regulator parts and not to coat the 
welding-tip passages Mth unburned carbon which aggrevates 
the difficulty. A fist of typical causes of backfiring should serve 
to suggest the remedy of this difficulty as follows: 

1. Overheated tips expand or enlarge the tip bore so that the oxygen- 
acetylene ratio is cha-nged to a leaner mixture which tends to backfire as 
does a lean mixture in an automobile carburetor. Remedy is found in 
holding the tip farther from the molten welds. 

2. Unsteady flow of oxygen when dirt has lodged in torch passages. Clean 
oxygen and acetylene-tank outlets and regulator connections to prevent 
clogging of regulator and torch passages, 

3. Building up of pressure at dirty or clogged tips after gases have been 
mixed. Remedy is to clean tip with drill of proper size (see Table X). 
Use of rough-ended wires scores the tip bore and leads to faulty gas delivery. 

4. Stoppage of oxygen or acetylene flow through hoses when the hoses are 
kinked or heavy objects are resting upon it. Long'hoses over 25 ft. should 
be avoided as a means of reducing kinks. 

5. Leakage of oxygen or acetylene ’or both at their valve seats. Reseating 
of valves should be done with special tools by competent service mechanics. 

6- Most serious, backfires occur when connections are loose so that acetylene 
is escaping. Be certain that all hoses are tight before lighting the torch. 

The usual difficulties encountered in torch and regulator 
operations and how to recognize and remedy them are fully 
described'in the instructions issued by the educational committee 
of the American Welding Society. All apprentice welders should 
possess a copy of these instructions. 
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98. Welding Hose.—^Hose for higher gas pressure than usually 
encountered are made of vulcanized fabric with rubber lining 
and rubber covering either corrugated or smooth, making a solid 
hose which is capable of withstanding a minimum pressure of 
250 lb., per square inch. Smooth hose of small size is usually 
termed leader hose. 

Oxygen hoses are green when new and are fitted unth right-handed 
threaded fittings. The word oxygen is vulcanized on the exterior 
of the hose at intervals. 

The acetylene hoses are red and are fitted with left-handed con¬ 
nectors which prevent the possibility of interchange wdth oxygen 
or compressed-air hose. The word acetylene is vulcanized at 
intervals on its exterior throughout its length. 

. New hose is often lined with a sprinkling of fine talc to preserve 
the rubber lining and absorb moisture. The talc must he blown 
out with oxygen if it is an oxygen hose or with acetyle7ie if it is an 
acetylene hose^ being careful to use acetylene sparingly since it 
is combustible when blown through the hose near open flames 
above a temperature of 1400°F. in air. 

Hoses should be coiled and not kinked, and hea^^y objects 
should not be allowed to rest upon them, otherwise flashbacks are 
apt to develop and injure and weaken the hose fabric. Lengths 
of hose over 25 ft. should be av'oided, since it is difficult to pre¬ 
vent kinks in long lengths of hose. 

99. Welding Rods.—The metal deposited between adjoining 
plates or tubes is obtained from filler rods. Welds of high quality 
are reliable only when the rod metal is free from hnpurities. Inferior 
rods of low-grade quality are available for less than the best 
welding rods. The best quality of rod is essential to- the relia¬ 
bility of welded joints. 

A wielding rod of good quality under the flame melts evenly, 
easily, and quietly without sparking, and coalesces into a deposit 
free of surface cracks, and smooth in texture. These indications 
are superficial and unless chemical analyses are made of the rods, 
one must rely on the experience of rehable and established manu¬ 
facturers of welding rods. 

Many wielding rods are surfaced with a coating of grease or 
copper. These compositions do not interfere with the weld 
metal so much as the rust or oxide which w-ould be present if it 
were not for the surface treatment. 
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• For steel welding, cold-drawn steel rods are used. For brazing 
of fittings and parts, bronze or brass rods are used for filler metal. 
However, a brazed fitting cannot be welded with, a steel rod. But 
a steel-welded part may be brazed. 

Aluminum and its alloys, especially duralumin, are welded with 
drawn-alumirium rods the better type containing b per cent silicon 


Table X.— Summary of Specifications for Welding Materials 


Base 

material, 

sheet 

Welding 

rod 

Welding rod 
specification 

Flux 

Low carbon. 

Low carbon 

AC 10286 

None 

Steels and X-4130 

Copper-coated 

metallic-arc 

GR-l-G 

AC 10286- 

None 


.electrode 

GR IE or 5E 

Navy 51F3 

AISI 347. 

Stainless 

Columbium 

Stabilized 

AC 10286 GR 3-G 

Navy 46R2 

Croinaloy or • 
AC 11314 

Inconel or Inconel 

No. 42 Inconel 

Army 67-174 

Inconel 

to stainless. 


FSAC 10286 

Flux 



Navy 46R6-GR 3E 

Cromaloy or * 
AC 11315 

2S, 3S, 43S, 518, • 

Aluminum, or 

Fed. QQ-R-571 

AC 11313 or 

and 53S. 

aluminum-sili¬ 
con (5%) (2S or 
43S rod) 

Type r> or E 

Alcoa 22 

52S 

Aluminum 5% 

Fed. QQ-R-071 

AC 11313 or 


Silicon or 52S 

i 

Type E Ord or 

1 Navy 46All 

Alcoa 22 

AM3S. 

AM3S rod I 

Navj' M-314 

AC 11322 

Navy F-15 

AMC 13 or 

Alcoa 22 

AC 11323 

AM265 

AMo3S rod 

Navy M-314 

AC 11322 

Navy F-15 

AMC 3 or 

Alcoa 22 

AC 11323 

AM3S to AM53S 

AM53S rod 

Navy M-314 

Navy F-15 



AC 11322 

AMC 3 or 

Alcoa 22 

AC 11323 

Stellite. 

Stellite No. 1 or 
No. 6 

AC 10300 

None except ex¬ 
cess acetylene 




flame 
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and a proper flux. Cast aluminum is welded with cast-aluminum 
rods. 

Copper is weldable only with deoxidized dra'^m-copper rod mth 
a flux of 90 per cent borax and 10 per cent sodium fluoride. 

100. Welding Pluxes.—A flux is any chemical compound 
which combines with oxygen or with metallic oxides (compounds 
of metal and oxygen). The presence of oxides in a weld forms 
voids or ^'cold shuts” which reduce the w-eld strength. A flux 
functions in three ways: 

1. To form a chemical compound of oxygen and the oxides which is 
known as slag. The slag which is fusible is always the most desirable. 

2. The resulting slag is lighter in density than the metal being welded 
and will rise to the top of molten metal of the weld if not disturbed, or it 
may be incorporated in the weld by puddling or stirring with the welding 
rod. When the slag has floated to the surface, it acts as a protective film 
which prevents the entrance of more oxygen into the weld. For this reason 
good fluxes do not vaporize or escape easily from the weld into the air. 

' The flux used in aluminum and duralumin welding is corrosive if left on 
the weld and must be washed off with a solution of warm water and 2 per cent 
nitric or hydrochloric acid, followed by a second rinsing wdth warm water. 
This .procedure is known as the neutraUzing treatment. 

3. The' better fluxes form a slag which melts at a lowrer temperature 
than does the weld metal so that the slag remains liquid after the weld has 
sohdified. The slag is, as a result, squeezed out w’hen the metal is solidify¬ 
ing if the slag is not buried too deeply in the weld by puddling. 

A flux is necessary when welding bronze, brass, copper, alumi¬ 
num, duralumin, stainless steel, or when soldering lead-base 
alloys because the oxides of these metals are not molten at weld¬ 
ing or soldering heats. The steels for airplane construction such 
as S. A. E. 1025 and S. A. E. 4130 form oxides which are always 
present to a limited extent with the best welding technique. But 
these oxides are molten at or near wielding heats and float to the 
surface without the use of flux. 

So-called flux-coated rods for steel welding possess fluxing 
elements which combine to form a slag that acts as a protecting 
film and prevents contamination of the weld with air. Where 
loashed coatings are used on arc-welding electrodes, the effect 
is to stabilize the electric arc with little or no fluxing action on the 
deposited metal. 

101. Welding Flames, Oxyacetylene.-—The acetylene issuing 
from the torch tip is lighted so that the flame is out of contact 
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approximately from the end of the tip; with this flame 

setting, no further adjustment of the acetylene-torch valve will 
be necessary. All adjustment of the flame can then be made with 
the oxygen-torch valve w^hich is opened after the acetylene is ht. 
Goggles should he in place before turning 07i the oxygen. The pure 
acetylene flame (Fig. 72A) is yellow^, bushy in its spread, lazy, and 
sooty or smoky. . It will be evident, in Par. 102, that this soot is 
pure carbon w^hich is deposited in the molten w^eld metal if a 
flame of this kind is used. When oxygen is added to this flame' 



A Excess Acetylene, Reducing 



S,600 


^ 630 °^ 

Neutral 


ZOOO^- 



Reddish blue 
fainf/y visible 


C Excess Oxygen from Tank,Oxidizing 
Fig. 72.—Oxyacetylene flames. 


the yellow flame disappears and whitens until this coloring just 
disappears into a clearly defined incandescent, white inner cone, 
known as zone 1 (Fig. 72B). When the torch valve for oxygen 
reaches this adjustment so as to cause a recession from a fuzzy 
flame at zone 1 to a sharply defined cone of intense white color, 
the flame is known as neutral. It is neutral because the products 
of combustion (carbon dioxide and wnter vapor) {zories 2 and 3, 
Fig. 72B) have a neutral chemical effect on the metal being 
welded. 

The neutral flame is the most satisfactory of all three oxyacety¬ 
lene flames for airplane structural wnlding. Therefore, the 
aircraft wnlder. must gain practice in- obtaining and checking, it 
as the welding proceeds. With the setting of the acetylene-torch 
valve as indicated on page 123, the flame adjustment can be con- 
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trolled through the oxygen-torch valve alone. After securing the 
neutral flame, further opening of the oxygen-torch valve slightly 
produces an excess of oxygen in the flame. This flame is known 
as an oxidizing flame (Fig.' 72C) and must be avoided.' It is not 
used in airplane welding because the oxidizing flame leaves a 
weld weakened with iron oxide or other oxide inclusions which 
are oftentimes porous. 

102. Nature of a Neutral Flame.—The neutral flame when 
produced by correctly designed torches has three parts: The 
first or primary flame, the second-zone fla7ne, and the third-zone 
flame. (Fig. 72B.) In the first zone the acetylene is dissociated 
at about 1436°F. into carbon and hydrogen which unite with the 
oxygen from the cylinder to form carbon monoxide and hydrogen 
as expressed in the chemical Eq. (1). 

C 2 H 2 + 02 = 2C0 + Ho (1) 

All of the heat is not obtained imtil carbon monoxide (CO) and 
hydrogen have more oxygen available to combine with CO to 
form CO 2 (carbon dioxide) and with H 2 to form water vapor 
(H 2 O). Zone 1 is reducing in its action because it takes oxygen 
from the atmosphere or from oxides to complete the combustion. 
* Hence no oxidation or formation of oxides can take place in this 
zone. Welding in this zone is not advisable, since its tempera¬ 
ture is low (Fig, 72B), and consequently, the welding speed is 
reduced. The flame is not stable in this zone 1 and is apt to 
carbonize and embrittle welds made in zone 1. The best location 
of the plate or tube to be welded is with the surface of the molten puddle 
slightly less than in. off the tip of zone 1, where the temperature 
is a maximum (Fig. 72B). Heat liberated from CO burning to 
CO 2 and Ho to H 2 O reaches its maximum value here. The 
temperature from this point outward becomes less because the 
oxygen, required for complete burning of CO and H 2 , is taken 
from the air vrhich is composed of 79 per cent nitrogen and 
21 per cent oxygen by weight. The nitrogen is inert and is 
heated to the temperature of the flame at the expense of heat 
already in the flame, thus lowering its temperature. Air is 
always available for combustion of CO and Ho, since the heat 
generated by the burning of acetylene and hydrogen in zone 1 
causes the warm gases to be displaced by cool air which in turn is 
heated and utilized as expressed in Eqs. (2) and (3). 
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2C0 + O 2 (from air) = 2 CO 2 H- N 2 (2) 

Ho -}- 3=402 (from air) = H 2 O + No (3) 

Hydrogen combines with air and begins to burn at 612°i^. Hence, 
from Fig. 72, it is seen that the flame temperatures existing in 
zone 3 are better than three times that required for combustion 
of hydrogen. The result is that a surplus of air is present in 
zone 3 which mildly oxidizes or nitrides the metal welded or 
heated in this zone. Since oxides and nitrides (metal and nitro¬ 
gen) impair strength, it is not advisable to weld or to anneal 
'welds, plates, and tubing 'with this zone of the flame. It is not 
only slower but detrimental to weld and plate strength. Do all 
heating, annealing, and wielding with surface of material* being 
^ treated slightly less than 346 from the tip of zone 1 for best 
speed and satisfactory results. 

103. Oxyhydrogen Flame.*—In welding aluminum, a lower 

flame temperature is desirable since aluminum melts at 1182° 
to 1217°r., depending upon its purity. These temperatures are 
about half the melting points of steels commonly used in airplane 
welding. Heating of aluminum causes shrinkage upon cooling 
which is twice that of steel, and, if this shrinkage is not provided for, 
the aluminum cracks. Excessive heating of aluminum above its 
melting point produces serious contractions and shrinkages 
amounting to more than twice the shrinkage of steel. The mini¬ 
mum heat used in the welding of aluminum yields the best results. 
Therefore, preference is given to the use of the oxyhydrogen flame 
for this work. . ' 

104. Nature of Oxyhydrogen Flame.—For mixing of hydrogen 
and oxygen only the torches are to be used which are designed 
for these gases. Torches for other gases are not to be used. There 
are three characteristic oxyhydrogen flames. The excess-hydrogen 
(Fig. 73o), neutral flame (balanced proportions of hydrogen and 
oxygen, Fig. 736), and excess-oxygen or oxidizing flame (Fig. 73c) 
are detected by the characteristic colors and the size of the flames. 

^Tien lighting the oxyhydrogen torch, turn on the hydrogen 
at pressures varying according to Table XII, and ignite hydrogen 
with a friction lighter. The resulting flame is a bluish, brownish 
y^ellow and lazy in its flow and should just leave the end of the 
tip about 3*^2 ill- Next turn on the oxygen-torch valve with 
a pressure for thickness of material being welded as shown in 
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Table XII. As more^ oxygen is supplied to the flamej the flame 
becomes steady with little change in the amount or size of the 
zone 1, except that it is more clearly defined. The reaction here 
is expressed by the folloT^Ing equation: 

2 H 2 + O 2 + (hydrogen in excess) = 2 H 2 O + (hydrogen 

in excess) 


In zone 2 the oxygen of the air filters in to burn excess hydrogen 
as follows: 

2 H 2 + 02(from air) = 2 H 2 O + X 2 (4) 

While this excess hydrogen is in zone 1 until burned in zone 2, 
it acts as a reducing agent to absorb oxygen from the air and 


/ Inner zone ,0ulerzone 
Kj-fgh-f- blue j Ye!low is h red: 



Ca) Reducing -flame 


fFafnt 
I b/ue 


/Feddish yellow 


(b) Neutral flame 


rBlue /Nearly colorless 


t / 



(c) Oxidizing flame 
Fig. 73.—Kinds of oxyhydrogen flames, 

weld and thus protects the weld from oxidation when the welding 
is done in zone 1. 

105. Shaping of Steel by Burning.—Parts of jigs and frames 
for holding aircraft parts are shaped from standard thicknesses' 
of steel with the oxyacetylene or oxyhydrogen cutting torches. 
These flames serve only to preheat the steel preparatory- to 
playing a jet of oxygen against the heated surface. The theory 
of burning or cutting steel is based on the fact that oxygen has 
a chemical affinity for steel above 1400°F- or a dull-red heat 
according to the following equation: 
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• slag 

3Fe(iron in steel) + 20-2 = Fe 304 + libe r ation of heat 

products of burning 

The preheating flame heats the metal to a kindling temperature 
at nearly half the melting temperature of steel; and oxygen 
impinging agaiiist the heated surface burns the steel. Theoreti¬ 
cally^, burning is continuous after being started. But the loss of 
heat in surface accumulations of paint, rust, dirt, and grease 
lowers the kindhng temperature of the steel and causes the 



Fig. 74.—Cutting torches. {Courtesy of Victor Welding Equipment Company.-^ 


burning to cease. Hence the requirement that a preparation 
of the surface by sandblasting, wire brush, scraper, or file is 
necessary. 

The cutting torch combines the mixer for supplying the oxygen 
and acetylene for the preheating flames and independently the 
means of projecting an oxygen jet into the'zone of heated steel. 
A typical cutting torch appears in Fig. 74, and the various torch 
tips are shown in Fig. 75. In these tips the flame in the drag tip 
or flames in the remaining tips of Fig. 75 burn in the outlying 
holes. The center hole carries the oxygen for burning. The 
heat generated by oxidation keeps the slag (FesO-i, principally) 
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molten, and under oxygen pressure it is driven clear of the cut or 
kerf and the underside of the plate. Slag, if it does adhere 
to the underside of the cut, may be embrittled b^" using a hard 
preheating flame (slightly reducing). Thus with, chisel blows 
this slag is easily removed. 5 ^™- 

Metal cut by burning is equally as tough, strong, ■ , 
hard, and ductile, and the process is more rapid than 
methods of machine-tool cutti'ng with metal saw, milling - 

cutter, and abrasive wheel. Cutting speeds in excess 
of 1 ft. per minute have been obtained in steel less 
than 3 in. in thickness. 

106. Electric Welding.—^The heat of the electric | 
arc is used in fusion welding of aircraft parts. ? 

Another kind of electric welding increasing in favor ' . 

in production plants for miscellaneous parts is resist- 

ance welding. This method uses a large magnitude , 
of current at low voltage which is dumped in adjoin- 
ing metals, clamped with suitable electrodes under a 
compressive force. Sufficient heat is developed : ' — \ 

with a short-power impulse for each weld to forge- I 
weld a limited area at the interfaces of the metals ' 
in contact. ■ n . 

107. Metallic-arc Welding.—The electric-arc 

welding used in airplane construction is a metallic- __ 

arc wielding which is distinguished from other 
methods because it uses a metal electrode and 
metallic arc. 

Both kinds of metallic arc have found acceptance 
in aircraft manufacture—^the direct current and 
alternating current. The direct current is the flow cutting tips, 
of electrical energy in one direction from the high- {Courtesy of 
voltage to the low-voltage side. Alternating cur- ing^^Equi^ 
rent is characterized hy the periodical reversal of ment Com- 
the direction of electrical flow\ The source of 
wrelding energy in the alternating^current method is a closed-core 
transformer wdth secondary taps for var\dng the wielding current. 
This method has been used for only limited wielding in airplane 
plants. 

108. Direct-current Welding-—^The source of electricity is the 
direct-current generator with high-amperage, capacitj^ at lowr 
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voltage (70 volts or less). The welding generator is driven by 
an alternating-current motor (Fig. 76). Another important part 
of the welding circuit is the choke coil or its equivalent (Fig. 76). 
Its purpose is to develop a counter- or opposing-voltage change 
for every variation in voltage at the arc and to stabilize the arc 
amperage, from vvrhich the arc heat is largely derived, at a con¬ 
stant welding current. 


O. C. Sen era for A. C. Mo for 



Fig. 76.—Metallic-arc welding circxiit. Generator output, 40 to 350 amp. Arc 
stabilized by rotary pole adjustment. {Courtesy of Roe Welders, Inc.) 

109. Characteristics of the Metallic Arc.—The greatest heat 
of the direct-current arc is concentrated at the positive side. 
Since the work has the greater volume of metal, the work is 
made positive (+) in polarity to insure sufficient temperature at 
the rod by the heat reflected from the arc crater. Reversal of 
this polarity (that is, the work is rnade negative and the electrode 
positive) is used with some coated electrodes and metals W'hich 
oxidize readily. 

110. Metallic-arc Theory.-—^With sufficient voltage (20 volts 
minimum) to break down the air gap, the arc gases are ionized 
and become electrical conductors. The passage of current in 
this atmosphere exhibits itself as heat in three distinct zones, 
namely, the arc core, stream, and flame. The heat wffiich is 
liberated melts the parent and rod metals in the vicinity of the 
arc, forming plastic iron globules, which proceed from the elec¬ 
trode to the w^ork. While projected toward the vrork, the globules 
gain heat, and as the molten-iron globules approach the crater, 
capillary forces consolidate them into the molten puddle (see 
Fig. 77). 

The arc length in air'plane welding is in. for the usual electrode 
diameter (Table XIII). Greater arc len^hs than this permit 
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contamination of the arc stream with oxygen and nitrogen from 
the air. This usually results in the hot-metal globules being 
ignited, followed by mild explosion as they intermingle. The 
hot metal is splattered by a long arc, leaving barnacles of hot 
metal near the weld deposit and a porous weld of doubtful 
strength. This condition occurs even if the arc length is correct 
but the arc is advanced too rapidly. For correct arc-welding 
machine settings, see Table XIII. 

The porosity is caused by blowholes which are formed while 
the oxygen of the air is in contact with hot metal. The air is 
expanded under heat and is 
lighter in density, rising in the 
molten puddle w-hen oxv’^gen 
unites with the gas-forming 
elements in steel such as carbon, 
carbon monoxide, and carbon 
dioxide, so that they escape 
from the molten mass. Minute 
holes remain because the metal 
is too plastic to close the gas 
exits. The action of steam 
escaping from boihng water is similar, except as the steam 
vapor leaves the •water surface the fluidity of the w^ater causes 
the : opening to close. Gas which does not escape from the 
metal is retained in ca'vities. Since gas holes w^eaken the steel, 
the conditions promoting them should be avoided. Flux-coated 
rods, correct arc length, and proper handling of the electrode at 
proper current keep fish-eyes (so-called because hydrogen gas 
bubbles with cracks appear hke a slit-eye) and blowhole formation 
at a minimiun. 

111. Flux-coated Rods.—The purpose of a flux coating on the 
electrode is to produce, under wielding heats, an ionized atmos¬ 
phere which reduces arc resistance. The materials which serve 
this end are compounds of calcium, barium, hthium, and sodium. 
Suitable methods of compounding these materials assist in 
making clean welds. For airplane-repair welding the flux-coated 
rods produce more satisfactory welds than does the bare electrode. 
There is a saving in electric power with the coated rod as •well 
as a possible variation in arc length without detriment to the 
weld. 



Fig. 77.—Elements of metallic arc. 
Backward welding technique. 
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112. Protection in Arc Welding.—The most important protec¬ 
tion from the arc rays and to the eyesight is the welding helmet 
(see Fig. 78). The ultraviolet and infrared rays not only produce 
eyestrain and hums hut sJcin hmms when exposure is indiscriminate 
and there is no protection. Helmets and hand shields are equipped 
with special lenses which protect the eyes from harmful arc rays. 
Helmets of better design provide additional protection to head, 
neck, and face. Under no circumstances should goggles intended 



Fig. 78.—Arc welding of landing-gear strut. {Courtesy of Boeing Airplane 

Company.) 

for gas welding ever he used for viewing the arc, since these lenses d^o 
not eliminate the harmful arc emanation. 

113. Resistance. Welding.—One method which furnishes a 
means of speeding production for special parts (Fig. 80) and 
repair of struts, fittings, instrument boards, and radio chassis 
is resistance welding. 

Two methods of utilized, namely, spot welding and flash 
welding. Spot welding is produced hy the passage of electrical 
current of great amperage and low voltage through adjoining 
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surfaces under external compressive pressure (Fig. 79). In 
flash welding, tlie consolidation of adjacent metals is accomplished 
in three steps. First, the metal is subjected to a light external 
pressure between suitable electrodes. Second, the adjoining 


Transformer 



L = Electrode pressure, 250 to 1,250 lb. 
L = Current 11,000 to 35,000 amp. 


Fig. 79-—Resistance-Tsrelding circuit. 

metals are separated microscopically and arcing occurs. Third, 
the weld is completed by application of heavy pressure which 
throws out the molten metal and oxides to form a fin or flash 
while fusing the mating surfaces of the metal which is left without 
detrimental oxides. 



Fig. 80.—Seam welding of gasoline tank. {Courtesy of P. R. Mallory and 

CompanyS) 


Both types of resistance welders usually operate on alternating 
current. For resistance welding a typical circuit appears in 
Fig. 79. The power passes through the primary coil which is 
wound on a continuous laminated soft-iron core. The flow of the 
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alternating current produces pulsating magnetism in the iron 
core, which energizes the secondary winding of a fewr turns, 
developing a large output at low voltage. The secondary leads 
are extended to the electrodes w^herein is clamped the work to 
be welded. 

In the flash-welding unit the pow’^er is interrupted momentarily 
when the parts to be w’^elded are separated. This produces a 
high voltage at the weld, and the arc across the small gap gener- 



Fia. 81.—Tail-wheel strut. Flash welded. ‘{Courtesy of American Welding 
Journal^ September, 1936.) 

ates enough heat to melt the adjacent surfaces. During the last 
operation these surfaces are forced together by mechanical 
linkages, and the molten steel is congealed in one continuous weld, 
the surplus metal being squeezed out (Fig. 81). This surplus 
metal or flash is trimmed to a flush position in the completed 
joint. During flush welding, goggles must he worn as protection 
from hot particles and glare from the arc. 

Review Questions 

1. What is the maximum safe torch pressure of dissolved acetvlene? 
tVhy? 

2. How is acetylene safely transported at pressures as high as 235 lb. 
per square inch? 

3 . Why is the acetylene tank for dissolved acetylene filled with an inert 
and porous material? 

4 . Why is hydrogen used in aircraft welding? 

6. How are oxygen tanks, regulators, and manifolds protected from 
excessive pressure? 
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6. Wliere would a welder stand at the regulator when turning on 
oxygen ? Why ? 

7. With the oxyacetylene-torch valves closed, what gas is lighted first? 
\STiat occurs if the other torch valve is opened first? 

8. Give a brief explanation of how to shut off the gas-welding equipment 
when the welding job is finished. 

9. Describe a neutral oxyacetylene flame. An oxyhydrogen flame. 
WTiat are the maximum temperatures of these flames? 

10. In an oxyacetylene flame, why is the outermost, or third, zone of the 
flame mildly oxidizing? 

11. What are the causes of an overheated tip? What are the results of 
an overheated tip? 

12. Why is a wire brush an important piece of equipment for oxyacetylene 
cutting of steel? 

13 . What is a flashback? What is the effect of a flashback on the 
torch? What should be done after a flashback? 

14 . How is an acetylene leak located? An oxygen leak? 

16 . Explain briefly what happens in a stem-type regulator when the 
torch attached to it is shut off with a previous low-pressure reading of 25 lb. 
per square inch. Use a sketch to assist in making a clear explanation. 
How does the regulator function if the torch valves are opened? 

16. Name the kinds of electric welding used in airplane repair. 

17. Describe the process of spot welding. Show the circuit required. 

18 . Show the essential details of the metallic arc. 

19 . Illustrate the direct-current arc-welding circuit. Indicate the 
polarity of tubing when welding vdth a bare rod. 

20. When is burning used in aircraft production? How does the burning 
tip differ from the welding tip? Why? 

21 - What is a flux? When is it used in w'elding? Name three ways in 
which flux functions to prevent unsound welds. 

22 . When should welding goggles be used during welding? 

23 . Should goggles for gas welding be used for arc welding? Why not? 
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Questions for Thought and Study of References 

1. What are the reasons for creeping of gauges? Outline the procedure 
‘in correcting the creep in gauges. (Refs. 5 and 9.) 

2. WTat precautions are to be observed in handling, using, and storing 
oxygen cylinders? Acetylene cylinders? (Refs. 1 and 2.) 

3. Describe the operation of the Linde oxygen-tank valve. (Ref. 1.) 

4 . By what method are leaky torch tips determined and remedied? 
(Refs. 5 and 9.) 

5 . Under what circumstances should extra welding equipment be avail¬ 
able? (Refs. 5 and , 6.) 

6. State the variables in resistance welding which must be accurately 
controlled. (Refs. 8 and 10.) 

7 . How does a stabilizer function in an arc-welding circuit? (Ref. 3.) 

8. State the three knowm methods for protecting the transfer of metal 
by means of electrode coatings. (Ref. 6.) 

9 . How does the corrosion resistance of bare-rod welds compare with 

shielded arc welds? (Ref. 6.) • ' 

10. Prepare a table of the combination of unlike metals which are used 
in airplane construction and can be welded bv the resistance method. (Ref. 
10.) ^ . 

11. Name the adjustments required in the spot welding of high-tensile 

stainless steel. (Ref. 14.) • • 

*12. What limits exist in the resistance welding of aircraft allov S.A.E. 
X-4130? (Ref. 15.) 

13. In what respects is flame pro6essihg a more rapid and eiflcient method 
than machining operations? (Ref. 12.) 
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The metal most extensively welded is steel of the kinds which 
are outlined in Chap. Y. Therefore steel is of particular interest, 
in airplane maintenance, to the welder. Although aluminum and 
its alloys are becoming of first importance in the metal airplane, 
welding of aluminum in thin gauges by gas or arc welding is 
unsatisfactory for structural parts. Resistance welding furnishes 
the most promising method for fabricating thin-gauge aluminum 
and stainless steel. 

114. Effects of Welding Heat. —^All metals are sensitive to 
heat; that is, their properties are changed readily by heating. 
In fact, the agency of heat is necessary to develop new and valu-able 
properties which are not available in the ?n€tal as received. 

The weld is a small steel ingot deposited at the interfaces of the 
adjacent plates. The method by which this deposit is made 
establishes the properties of both the metal in the weld and the 
abutting areas. The principal changes which occur are revealed 
in a polished and chemically etched section of the affected areas. 

115. Examination of Welds. —^VTiile the physical tests, such 
as for tensile strength, hardness, ductility, and toughness, are impor¬ 
tant, they cannot be relied upon to reveal the cause of varioiions 
in these properties. Only by examination of the welded structure 
in section is the true cause and means of correcting any variations 
determined. If it is impossible to spare a part of the welded 
repair for this examination, a separate counterpart can be welded 
under identical conditions existing at the time of the repair weld. 

This specimen is prepared for examination by shearing or 
sawing across the weld (as noted in Chap. VI), grinding progres¬ 
sively with a fine abrasive wheel, finest grade of emery cloth, and 
finally wilh 000* French emery paper. Then the specimen is 
polished on rotating canvas and broadcloth 'wheels, on which 
water with jeweler^s rouge and magnesium oxide in suspension 
is sprayed. The final surface should have a mirror finish; and 
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after cleansing in alcohol and drying, it is ready for the etching 
solution. A steel weld, when etched for 5 sec. with a 5 per cent 
nitric acid and 95 per cent ethyl alcohol solution, show^s to the 
naked eye the presence of blowholes and impurities in darkened 
areas, and the amount and depth of fusion. The most important 
indication is the zone affected by welding. By measuring the 
original gap between the plate edges (Fig. 82) before welding and 
comparing the affected area (Fig. 82), a judgment can be made 
of the amount of fusion. The fusion of a good weld should average 
in total width three times the original gap in order to taper the 
strength of the plate into the weld. 

This method provides the means of determining w^herein welds 
are deficient and the possible ways of remedying the welding 
operation. 


min/mum 

'x 0. 81 * '”^i Origtnaf Fusion zone 

'I— - - ' !_ _ forces _^/ 

Fig. 82.—Proportions of typical aircraft weld. 

It is possible to examine aluminum welds in a similar manner 
except the most effective etching reagent is 10 per cent caustic 
soda (NaOH) and 90 per cent water when applied to a dry pol¬ 
ished surface of the welded areas for 5 sec. followed by rinsing 
and dr 3 dng. This solution is usually available in the propeller- 
repair station. 

The Magnaflux method (Par, 77) is useful for detecting defects, 
but it is unsatisfactory for determining the amount of fused area 
in a weld. 

When X-ray equipment is available, it is possible to determine 
weld defects and fusion. (See Fig. 83.) It requires the services 
of trained X-ray technicians to make interpretations of X-ray 
films which have been properly exposed and developed. 

116. Elements of Welding Metallurgy.—The method of study¬ 
ing the alteration of metal composition in the weld deposit and 
adjacent metal is provided by metallurgy. This term is used 
in a restricted sense because the concern is with the effects of 
heat in plastic and solidified steel. Considerable difficulty is 
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encouiitered in the metallurgical study of these changes since all 
temperatures from liquid to solid state exist during the deposit. 
It is necessary for the airplans welder to know both the correct and 
detrimental factors which are ^produced during the welding process 
either by gaSy electric-arc, or resistance methods. 



Fig. 83. —X-ray study of weld. Radiographs of two welds made by the 
same individual, with two different welding methods. The fact that one shows 
as a perfect weld proves that wdth a given method one may become skilled when 
the x-ray is used as a means of developing a correct technique. {Courtesy of General 
Electric X-Ray Corporation.) 


In general the welding heat produces excessively large grain 
in the weld. This grain tapers in size to the original grain at a 
distance of twice the weld width either side of the weld, when the 
proper torch adjustment, gas pressures, and handling are used. 

In the welding operation oxygen and nitrogen are usually 
present in the convection currents of the air surrounding the 
heated weld. At the higher temperatures, iron reacts unth oxygen 
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more readily^ resulting in oxide formation with an embrittling effect 
on the surface of the weld. It is under this layer that true carbon 
steel exists since the oxygen also combines with the carbon in 
the steel at the surface. With more volatile metals such as 
molybdenum the reaction with oxygen in sufficient quantity 
causes the evaporation of this metal which is used to maintain 
the fine, tough grain in steel. Every step in welding^ therefore, 
requires suitable protection from oxygen and nitrogen contamination. 
In a gas flame, at the end of the inner zone, the atmosphere is 
reducing, and therefore the position in wffiich it is held furnishes 
the necessary protection (Par. 102). The remainder of the 
protection is furnished by the welding rod. 

117. Part Played by Welding Rods.—The low-carbon-steel 
welding rods formerly used on welded construction have impor- 
^ ^ j • tant bearing on the method of w’eld- 

V' ■ ' ing and condition of the finished 

weld. 

Briefly, the only method of elimi¬ 
nating the iron oxide from the weld 
is to increase the temperature of the 
weld deposit above the melting 
point to produce, a fluidity neces¬ 
sary to float it out. This oxide, 
which dissolves in metal, has a 
reaction with the carbon, which 
forms blowholes. Only by keeping 
the carbon content of the rod low 
is the reaction avoided, and by a high degree of skill is the weld 
made sufficiently strong. 

‘Recently rods have been devised which minimize the reaction 
between the iron oxide and the carbon. At least the products of 
the metallic reactions are solid and become fluid at.lower tem¬ 
peratures than the pure metal deposit which readily finds its 
w’ay to the surface of the metal deposit. Here it serves three 
purposes: 



Pig. 84. —Steel with nitrides pres¬ 
ent. Magnification 75 X. 


1- To cleanse the weld metal. 

2. To form a protective coating against further oxidation. 

3. And to lower the melting point and produce a free-flowing deposit. 
By this means the carbon content has been increased so that the strength 
of the deposit approaches that of the original plate or tube, 
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Welding rods for electric-arc welding instead of having the 
principal elements compounded with the electrode, are provided 
with a flux coating which contains elements which cleanse 
the weld by preventing contamination of iron scale and other 
impurities. 

Specimens of unsound welds and better types of weld structure 
are shovui in the accompanying figures. In Fig. 84 is shown a 
'porous 'weld with oxide inclusions and 'blowholes. It is obvious 
that these oxides are brittle and lower the strength below that 
obtained by correct welding procedure. In Fig. 84 appears a 
weld with nitride and other inclusions. The nitride needles 
appear crosswise of the intercrystalline grain boundaries. The 



Fig. 85.—(a) Weld zone; (6) transition 9 one; (c) annealed zone; (d) original metal. 


presence of these nitrides reduces grain strength^ ductility, and 
fatigue resistance in the presence of iron oxides or their inclusions. 
Only by the use of reducing atmosphere which acts as a protective 
film can oxide and nitride formation be reduced. 

A typical weld of excellent physical properties inay be seen in 
Fig. 85. The tapering of the weld-grain size to that of the 
original plate is readily seen. 

118. Additional Effects of Welding Heat,—Where the chemical 
composition of the weld remains uncontaminated, two conditions 
are always present: (1) Excessive heat; and (2) temperature or 
thermal stress resulting from shrinkage of the weld. 

1. Excessive heat which, accompanies the welding of steel produces exces¬ 
sive enlargement of the steel grains. This, is known as grain growth and is 
only partially controlled in the welding process. It usually remains for 
further heat treatment to adjust, the different grain sizes. Since large 
grains fracture under load more readily than the small-sized grains, the large 
grain definitely is a liability in aircraft repair. The torch may be success¬ 
fully used by reheating the entire weld to a bright red heat, allowing it to 
cool in air. Prolonged heating at this temperature should be avoided since 
grain growth will.occur. 
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The heat of the torch permits a ready means of relieving the stresses due 
to shrinkage from the fluid weld to the solid deposit. 

2. The thermal stresses constitute an internal loss of strength. For 
example, a metal bar, which is fastened at its ends, similar to the condition 
approached when certain aircraft members are welded in jigs, is prevented 
from expanding or contracting. The effect is the same as vrhen the bar has 
been compressed the distance equal to the expansion under the welding heat, 
or has been extended a distance equal to the shrinkage of the heated 
piece after it has cooled. These losses in physical strength are due to an 
iquivaZent elongation or contraction of the 7netal, varying in amount with 
the temperatures. If the weld is deposited at a temperature of 2900°F. and 
the original plate metal is at 1450°F., the w^eld will shrink twice as much as 
the original plate. For purposes, of welding, it is evident that the metal 
at the juncture where there is a temperature difference must yield sufficiently to 
compensate for the contraction. When this shrinkage is confined to a very 
.limited area, it is relieved by fiasures or incipient cracks. 

Failure *is necessarily hastened by this condition. Only by means of 
stress relievingf'which, is accomplished by heating the weld and adjacent 
areas to a dull-red heat, allowing them to cool in air, can these fractures be 
prevented. Often the stresses may be relieved by hammering the weld, 
while it is still hot, with a ball pein machinist’s hammer. Fluxing rods 
assist in preventing rapid cooling of the weld and possible cracking, by 
reason of their slow cooling effect. 

This mechanical shrinkage appears in other ways, principally 
in distortion or warping of the w'elded member. In an elemental 

Neaf first .--Position ^fter 

; i i coo/mof finotll^j 

_ tr —- - 

Cool block 

Fig. 86a.—Shrinkage of plate alternately heated and cooled. 

manner this can be shown in Fig. 86a. W^hen a plate is heated 
on its upper surface while the lower surface is kept cool, we have 
a condition similar to a weld bead being laid on a plate. The 
following changes take place: After the plate begins to cool, 
the under side contracts slightly but the upper side, which is at 
a higher temperature, shrinks the greater amount since it cools 
from a higher temperature than the lower side. The total- 
shrinkage therefore shortens in a line parallel to the original 
surface, giving rise to the general principle that the hot side, when 
cooled, becomes the shorter side. In plate and tube welding this 
distortion requires adjustment. For example, in a fuselage 
where tubing is replaced it is necessary to reheat the weld bead 
and apply heat on the opposite side of the tube to counteract 
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the shrinkage. For example, the tee weld Fig. 866, when pre¬ 
vented from motion to adjust the shrinkage, is relieved 
by bending the tiibe in the manner shown by a~a. If the stress 
at any point exceeds the stress of the weld material or the tube,, surface 
cracks develop to relieve the thermal stress. 

Application of heat to cold-drawn steel wires or copper tuhirig 
is to be done sparingly, because it not only reduces the yield 
strength but also develops warpage when the heat is not uni¬ 
formly applied. This aruiealing or softening requires a little 



time, and therefore it is possible to prevent loss of strength and 
distortion by applying and withdrawing the heat quickly. 

In arc welding these effects of thermal stress must be adjusted 
by the proper use of flux-coated rods or subsequent heat treat¬ 
ment or peining. 

119. Considerations for Making Sound Welds. —The pro¬ 
cedure by which sound wields are produced involves consideration 
of the following factors: 

1. Application of heat. 

2. Alterations of rod and base metals. 

3. Judgment of the welder and user. 

4. Design. 

1. Application of Heat. —The amount of heat w^hich is applied 
during welding is determined by the use of the proper tip size 
and gas pressures, which are given for different thicknesses in 
Table XI; or, if electric welding is used, by the proper regulation 
of voltage and current for the thicknesses of metal, as given in 
Table XIII. 

The position of the flame or arc must be controlled by directing 
the source of heat at the intersection of the metal plates so as to 
obtain uniform deposit on each of the mating surfaces. Either 
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forward'^ or backward welding may be used in depositing the base 
metal, with equally effective results. Sufficient penetration is 
obtained with the proper position or temperature of the gas flame 
or arc, and' the proper direction of travel^ to produce an even 
contour in the fusion zone, for the entire depth of the plate. 

The bead should be p^'oportioned so that it is symmetrical with 
the axis of the weld and without excessive reinforcement, which 
leads to. an early fatigue failure and excessive w^eld strength. 
The bead has reinforcement and contour in its final deposit, 
according to that showm in Fig. 82 for plate welds and in Fig. 106 
for plate-to-tube welds. 

The adjustment of thermal stress is necessary to produce a welded 
structure of uniform physical properties. The usual method of 
compensating for, or adjusting, these thermal stresses is by using 
the torch in heating the weld, followed by a localized heating 
on the surfaces opposite the weld. This practice, if not prolonged 
by excessive heating, usually maintains the alignment of parts. 
In complicated structures such as cluster welds more thorough 
and more tiniform adjustment of thermal stresses is obtained 
by the heat treatment of the entire welded structure, if this 
procedure is convenient. 

2. .Alteration of Rod and Base Metals.—The degree of contamina-- 
tion in a weld is controlled by the manipulation of the filler rod, 
the position of the flame or arc relative to the w’^eld, and the quality 
of the filler rod. 

When the oxyacetylene flame is used to heat and weld in the 
outer zone (Fig. 725), heating is slower and accompanied by 
ojddation of the plate metal, producing gases and solid inclusions 
or “cold shuts.” The oxyacetylene flame must be used where, 
the temperature is greatest and the protecting zone is most 
effective, namely, at a position 3^^© in. from the tip of the inner 
zone (Fig. 725). 

Similarly, the arc flame must be used so that the arc length 
from, rod end to crater (Fig.. 77) does not exceed in. A longer 

^ By forward welding is meant that the rod position is maintained ahead 
of the torch flame or the arc in such a manner that the rod is deposited in the 
open seam ahead of the torch or arc and welder. Backward welding consists 
in holding the welding rod behind the advancing flame or arc in such a way 
that the heat is between the welder and the deposit so that the seam is 
open between the deposit and the welder. 
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arc permits contamination by air. and oxidation of the weld. An 
arc length which is correct will produce similar results, if the rate 
of travel is too rapid. 

The metals must be free from defects of rolling or cold-drawing 
and chemical impurities. This is only possible when clean, sound 
metal is used in repair sections. It is never advisable to use cheaper 
metals because of ■ their unsatisfactory welding properties and 
deficient physical properties. 

Corrosion. —Corrosion is an important consideration in wielded 
repair sections. Carbon-steel welds do not possess corrosion- 
resisting properties. 

The folloT\dng procedure in repaired tubes or plates is neces¬ 
sary to protect the repair from deterioration: Since the original 
treatment of the steel in welded structures required a coating 
of enamels, varnishes, or dopes, repair weldin-g cannot he under¬ 
taken satisfactorily until these finishes have been removed. Their 
presence during the welding embrittles welds, making them very 
susceptible to corrosion. 

It is not absolutely necessary to remove cadmium plating from 
steel parts before welding. For large part-s, it is only necessary 
to remove the finishing coats around the area to be welded by 
applying paint remover with a small brush or rag. After the 
paint is softened, it may be scraped off with a duU-edged knife or 
scraper. The .area cleaned in this manner should extend far 
enough beyond the area to be welded so that the paint remaining 
cannot be burned, since burned paint is more difficult to refinish 
satisfactorily. Ail paint remover should be washed off with hot 
water. Where plating is removed by very fine steel wool or 
emery cloth, care must be exercised to prevent excessive rubbing, 
vffiich reduces the thickness of the part- or leaves detrimental 
scratches. 

After the welds have been completed, scale and acauinulations 
should he cleared by sandblasting or wire brushing. These surfaces 
may then be refinished with one coat of metal primer and two 
coats of enamel. ' 

If repaired section is to be plated, the instructions of Job Unit 3 
should be followed. 

Closed tubes or hollow ■ steel parts i^hould he filled with hot raw 
linseed oil and drained throughdrainholes drilled at a point six times 
the width of weld bead from the weld. After draining, the holes are 
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plugged with self-tapping or drive screws to keep out air and 
prevent corrosion on the interior of the hollow parts. This 
hot-linseed-oil treatment serves to drive out the moisture, which 
inhibits corrosion, and to form an elastic film on the interior 
surfaces. 

For stainless steel, which is welded wdth a gas flame or an 
electric arc, a stainless-steel w-elding rod wrhich has been treated 
wdth titanium or columbium is required to stabilize the weld 
deposit against corrosion. 

For aluminum welding, a suitable flux (Par. 100) juust be used 
to insure a sound deposit. These fluxes are corrosive, if left on 
the weld, so it is necessary to wash all traces of them off after 
welding, according to the method prescribed in Par. 128. 

Where soldering of aluminum and stainless steel is done, similar 
precautions must be taken. 

Brazed or soldered joints should not be reheated since these 
metals in fused steel imbrittle it and hasten corrosion. 

3. Judgment of the Welder and User. —Repairs of welded 
structures are required for tubes or parts which have been dented 
or bent. Since these are results of impacts or overloading, care 
must be exercised in correcting the damage. Typical repairs for 
compression members, tension members and other damaged parts 
are described in Par. 139. 

Much of the success in making successful repairs depends upon 
the use of the correct wielding procedure and experience in making 
these typical repairs. The principal repairs of damaged sections 
are outlined in job units of Chap. YIII. 

120. Causes of Repair Failures.—After the damaged parts 
have been repaired in accordance with the requirements of the 
Chdl Aeronautics Authority or the U. S. Army Air Forces (Par. 
139), whichever applies, reliable inspection technique must be used. 
The value of this inspection is determined very largely by the 
degree with which conditions contributing to the premature failure 
are detected, the important ones being: 

1. The care and precision with which the repair is done, that is, the 
handling, adjusting, forming, and checking of the materials .used. Proper 
tools w'hich are kept in good condition should be used. 

2. Proper alignment of parts by suitable fixtures which prevent undue 
expansion and contraction of the heated parts. If expansion or contraction 
at ill-fitted points exist, surface cracks usually are evident. 
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3. Excessive heats usually show evidence of burned metal, which is brittle 
and imsound. Undercutting at the sides of the beads is another evidence of 
excessive temperature of either the flame or the arc. 

4. Insufficient heat is evidenced by overlap and excessive bead reinforce¬ 
ment. 

5. The appearance of the weld bead, if porous, is usually due to an oxidiz¬ 
ing flame or, under certain circumstances, a reducing or carbonizing flame. 
Such welds must be redone. When the arc deposit is examined, porosity 
is caused by a long arc or excessive speed of electrode travel. These welds 
are unsatisfactory. ® 

6. Excessive reinlorcemeyit of the bead leads to early fatigue at the juncture 
of the bead of the plate or tube. 

Undercutting at the juncture of the 
bead of the plate or tube has low 
fatigue resistance. (See Fig. 59, 

Chap. VI.) 

7. Scratches or tool marks in sur¬ 
rounding areas or in the weld bead 
itself lower the fatigue resistance at 
these points. These defects, if not 
deeply impressed, can be cold roUed 
to improve fatigue resistance. 


Repair sections r e q u i re 
accessibility t\dthout sacrificing 
the allowance for the adjust¬ 
ment of thermal stresses. 
Minimum distances from near¬ 
est tubes and plates are shown 
in typical sections in Fig. 96. 













-c 


* * 


~ 


-B 








— 



Tens/on 

career 


Compression 

area 




Tension 

area 


End View 




Fig. 87.—Showing tension and com- 
In tube clusters, stiffness may pression areas in seam weld. Tack 

be added in the joints by use of 

gusset plates similar to Fig. 95. These gussets should not 
be welded in positions where they would be subject to torsion or 
twisting. Prestressed members, such as cold-drawn wire tie rods 
or fuel lines, and axles should be heated sparingly to prevent loss 
of strength. Hard soldering (Par. 137) is recommended where 
the strength of these parts must be preserx^ed. 

121. Some Fundamental Welding Facts^—Shrinkage and 
Warpage. —few fundamental facts regarding welding of joints 
may be cited as a guide in repair. Provision for distortional effects 
of welding heat requires priniary consideration after the correct 
size of the member to carry the load is fixed upon with provision 
for lowered joint strength. In Fig. 87, the two plates, during 
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weiding, move together at the end opposite to where the weld has 
commenced (at A) with a gap of t thickness, causing the two 
plates to contract as the bead solidifies and closing the gap to 
less than t at C. If the effects are analyzed carefully, it is evident 
that the bead, when laid progressively from A toward C, under^ 
goes localized stresses represented by tension and compression. 

As the -weld is started at A and laid in the direction of C, the 
hot metal cools and contracts, w^hich produce| a state of tension. 
The adjustment of this tensile stress can be obtained only by the 
plates moving more closely together. When the bead between A 
and B exceeds the amount of hot metal deposited, the hotter 
metal remains under compression, since the colder metal contracts 
faster than the deposited metal. The head remains in compres¬ 
sion until the compressive strength of the completed deposit between 
B and C equals the tensile strength of the metal contracting. Then 
this compressed rnetal deposit between B and C becomes more 
rigid, since it is gradually cooling. The hot-metal deposit 
having greater ductility contracts more than the colder metal 
beyond C, hence the bead to D continues in tension since it is the 
final portion of the wdd to shrink in a seam already cooled and 
rigidly set. 

Although this analysis applies to a weld in a plate, it is also 
true of a tube vrhose circumference is equal to the length of 27 rr, 
where r is the radius of the tube. The areas in tensionj when the 
shrinkage exceeds the tensile strength, will rupture. The portions 
subjected to compression ultimately buckle or vrrinkle with 
consequent difl&culty in maintaining alignment. By the use of 
tack w'elding or localized deposits at points A, B, C, and D, 'which 
are spaced equidistantly, the compression areas are localized 
sufficiently to prevent the origin of buckling stresses and con¬ 
sequent warpage or wrinkling. Further warping may be intro¬ 
duced by heat not conducted evenly from surfaces X and F. 
When the surface X cools more rapidly than surface F, the 
surface F shrinks last, thus inducing stresses of higher intensity 
of the weld on surface X. Adjustment of these conditions may 
be accomplished in several ways. 

When properly spaced tack welds must be relied upon to reduce 
the shrinkage in the seam, then there arises the need of providing 
equal cooling on opposite surfaces. On the weld surface, the 
temperature is sufficiently high to cause rapid cooling, while on 
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Table XI.— Tip Sizes for Oxyacetylene Welding of Steel . 


Metal thickness 

Tip size in 
drill number 

Pressure, lb. per sq. in. 

Gauge 

Inches 

Low'- 

pressure 

torch 

Balanced 

pressure 

Oxygen 

Acetylene 

Low 

Balanced 

Low^ 

Balanced 

28. 

* - 

63 

77 

9 . 

1.5 to 3 

4 

1.5 to 3 

22 

Hi 

61 

68 

10 

1.5 to 3 

4 

1.5 to 3 

16 

Me 

57 

62 

10 

1.5 to 3 

4 

1.5 to 3 

13 

PHi 

56 

57 

11 

1.5 to 3 

5 

1.5 to 3 

11 

H 

1 55 i 

55 

12 

1.5 to 3 

5 

1.5 to 3 



52 

53 

14 

1.5 to 3 

5 

1.5 to 3 



50 1 

50 

i 16 i 

1.5 to 3.5 

■ 6 

1.5 to 3.5 

• V% 


47 1 

i 

44 

19 i 

2 to 4.0 

6 

2 to 4.5 


Note.— For aluminum welding, brazing, and hard surfacing,, the next 
larger drill size of tip than that specified for the same thickness of steel is 
used without^ changing the pressures. For example, to weld aluminum, 
braze, or hard-sutface steel, 1-^-in. thick tip with 47 drill size and oxygen 
pressure of 16 lb. per square inch and acetylene pressure of 7 lb. per square 
inch would be used for a low'-pressure torch; or, 44 drill size tip at 1.5 to 
3.0 lb. pressure for balanced-pressure torch. 

These tip sizes are for the Presto-weld torch, W-105, with the same 
mixer for all tip sizes. 


Table XII.— ^Tip Sizes for Aluminum Welding wuth Oxyhydrogen 

Flame 


Metal thickness, gauge 

Tip size diameter of 
orifice in tip, in. 

, 

Pressure, lb. per sq. in.‘ 

Oxygen 

Hydrogen 

22 

0.025 

1 

1 

20 

0.035 

1 

1 

18- 

0.045 

1 

1 

14 

0.055 

1 

1 

12 

0.065 

2 

1 

8 ■ 

. 0.075 . 

2 

1 

5 

0.095 

. 3 

2 


From “Aluminum Welding,” p. 7, Aluminum Company of America, 1936. 
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the opposite surface it becomes necessary artificially to cool it 
by wet asbestos in flat plates. In instances where the plates 
welded are of entirely different thicknesses, cooling of the side oppo¬ 
site to the weld surface is accomplished hy keeping the plates in contact 
with a good heat conductor such as a-heavy iron plate. Where the 
interior surfaces are not accessible, light gauge metals consistant 
with the strength requirements of the repair should be used 
because these cool rapidly in air throughout the thickness. 

122, Warpage in Magnesium and Aluminum Welds.—For 
metals which are brittle at welding temperature, such as magne¬ 
sium and aluminum in which the contraction is nearly twice that 
of steel, the joint is made flexible, to absorb shrinkage. The usual 
methods involve the notching of plates on the edge of the seam or 
flanging the adjacent edges, with such refinements as crimping 
the’ surface parallel to the seam to be w'elded. 

These elaborate precautions are not possible wdth tubing except 
by tacking at three or four equally spaced points to maintain the 
alignment of the adjacent tubes (Fig. 105). . The abutting sur¬ 
faces must be separated equally throughout their circumference. 

123. The Application of Welding Heat.—The initial step in 
welding is to set up the equipment; that is, the connecting of 
oxygen and acetylene or hydrogen with the proper torch. The 
torch for oxyacetylene 'welding should be fitted with a tip of the 
proper size for the thickness of metal being welded (see Table XI). 
For oxyh 3 ’'drogen welding, the torch should be fitted with a tip 
for the gauge of aluminum being welded (see Table XII). The 
oxy acetylene flame and oxyhydrogen flame’ should be adjusted 
to the neutral flame. Under welding conditions, the flame should 
he constantly checked for this neutral adjustment. ’ Carbonizing or 
reducing flames produce hard, brittle welds while an excess of 
oxygen produces porous, scaly welds. 

When welding with a flame, preheat a limited area at the point 
where the weld is to-be started and bring this point to a sweating 
heat over an area at least 3^ in. in diameter. Introduce the 
welding rod into this puddle in such a manner that the rod is 
never directly in the flame but is behind the tip of the inner zone 
of the flame in the backward welding or.in front of the tip of the 
inner zone of the torch m. forward welding. After the 'weld puddle 
has been established, the. rod wdll melt at the proper rate when 
kept entirely in this puddle. 
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The basic methods outlined in Ihe previous discussion remain 
invariable for all types of welding; such as downward welding 
where the plate is beneath the welding flame, or in a 'welding 
position'where the flame must be moved over the seam, and in 
overhead welding where the flame is beneath the plate. In the 
latter instance the puddle is prevented from dripping by manipu¬ 
lating the torch so the heat is alternately applied and slightly 
withdrawn by upward and downward oscillation of the torch 
flame. * . 

124. The Use of the Electric Arc.—The heat of the metallic 
arc is obtained by striking a metal electrode against the plate 
to be welded and slightly vithdravdng until the arc length is 
approximately 3^^ in. The setting of the direct-current or alter¬ 
nating-current w'elding equipment for a given thickness of metal 
should be in accordance vdth the direction in Table XIII. After 
the arc is started, move the rod downward toward the work (Fig. 76) 
at a uniform rate to supply the metal being fused with the plate. 
When the feed of the rod is too -slow, the gap becomes great 
enough so that the arc extinguishes itself br allows contamination 
of the weld deposit. On the other hand, if the arc is held in a 
short gap by a rapid feed of the rod toward the plate, the bead 
would accumulate 'without sufficient penetration or fusion*'with 
correct current setting. Excessive welding currents 'which' are 
greater than those specified in Table XIII result in serious mider- 
cutting and depreciation of the strength of the joint. For currents 

Table XIII.— Cxjhrent and Electrode Sizes for Metallic-arc Welding 

OF Steel 


Thickness 

Electrode 
diameter, 
in. ; 

Welding 

current, 

amp. 

20 gauge 

He 

10 to 25 

18 gauge to 3^ in. 

He 

20 to 40 

3^ in. 


30 to 60 

in. 


50 to 100 

M in. 

^2 

75 to 150 

M in. 


150 to 200 


lower than those specified in Table XIII, penetration and fusion 
are insufficient for a satisfactory weld. 
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Absorption of the arc heat by iron scale, paint, oil, and moisture 
accumulations on the surface tends to extinguish the arc. Only 
by removing these impurities by grinding, sandblasting, wire 
brushing or scraping ‘ the surfaces can a stable arc and a sound 
weld be obtained. The better welds in arc welding are obtained 
in either downward welding or overhead welding, the rod being 
positioned nearly perpendicular to the work (Fig. 77). 

The rules for seam spacing and adjustment of thermal stresses 
are similar to those outlined for gas welding. 

The correct combinatioh of welding current (consult Table XIII), 
speed of travel, and rate of electrode feed produces a sound weld 
without evidence of blowholes, porosity, undercutting, or over¬ 
lapping of the weld bead. The penetration should be to the full 
depth of the seam. Larger w'elding currents than necessary result 
in larger areas of fusion and consequently large-grained steel 
and excessive shrinkage, which can only be relieved by incipient 
cracks within the weld. 

Tack welding should he done in the same manner as discussed in 
gas welding. The minimum spacing of the plates or tube should 
be used to prevent excessive warpage; in, represents a good 
spacing. When either plates or tubes are of different thicknesses 
the electrode is tilted slightly toward the thicker of the two metals 
which supplies sufficient reflected heat to fuse down the lighter 
metal at the proper rate. Care must he exercised in fi7iishing. a 
weld to shorten the-arc and prevent arc blow, which burns the final 
deposit. 

126. Aluminum Welding- —The basic welding method for 
aluininum is identical for sheets, plates, and tubes. It remains 
for a particular design of joint to modify such factors as preheat¬ 
ing and adjustment of‘temperature stress. The most important 
requirement in gas welding is the use of a slightly carbonizing 
flame (in acetylene vrelding) or reducing flames (in hydrogen 
welding). An oxidizing flame produces detrimental aluminum 
oxide and a resulting weld of poor quality. The flame adjustment 
should be made to produce a soft flame free' from excessive tip 
pressures. This flame is usually obtained by using one torch-tip 
size greater than that used for wielding steel for equivalent thick¬ 
ness (Table XI), An aluminum flux must be used to obtain sound 
welds. One of the most satisfactory fluxes is Navy Specification 
51-F-2A consisting of 32 per cent sodium chloride, 24 per cent 
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potassium chloride, 24 per cent lithium chloride, and 20 per cent 
sodium fluoride. All of these compounds are designated by 
weight percentage. Care must be exercised in preventing con¬ 
tamination of the flux. 

Since. there is no evidence of color in aluminum at welding 
heat and since aluminum is very soft and weak, it is necessary to 
support the seam. 

Whe7i welding with the torch, the angle.of the torch-with the plane 
of the weld should he 30 deg. so as to avoid blowing holes in the hot 
■metal. The inner zone of the flame should be kept at a distance. 
}-g in. from the metal surface. Fusion is rapid and requires rapid 
passage of the torch flame or movement of the plate under the 
torch in order to prevent burning. through or excess oxidation. 
When any weld section is faulty, it becomes necessary to chip out the 
' old metcil and reweld with new metal. 

"^Tien the work is started, the two edges should be brought 
to a plastic condition before the weld is started. The correct 
time of introducing the welding rod is quickly learned by the 
operator so that only a small portion of the metal remains molten 
at any position of the flame. Where the metals to be welded 
are not free to contract, an aluminum welding rod containing 
5 per cent silicon,, which absorbs-much of the shrinkage, should 
be used. . - 

The advantages of the 5 per cent silicon rod in producing welds of 
high strength and good corrosion resistance are as follows: 

1. That it 'produces a 'weld of lower mHtvng point, and greater -melting range 
than a pure-aluminuin rod at a much lower temperature, hence thermal 
stresses are absorbed in the plastic weld instead of producing incipient cracks 
in the base metal. 

2. This composition of-aluminum rod is not brittle at wielding temperatures. 

3. The silicon content produces a deposit which shrinks little while cooling 
from wrelding temperature and permits the rigid mounting of parts and 
wielding jigs. 

4. The w’eld deposit is free from shrinkage, .and relatively free from 

contamination, producing ductile w'elds. ^ ■ 

The features of -welded aluminum and its alloys as outlined 
m the previous discussion remain the same regardless of the 
shapes and kinds of aluminum which are welded. 

Similar conditions of welding of aluminum obtain for arc wield¬ 
ing with the usual exception that an arc with reverse polarity 
and an electrode with the appropriate flux coating are used. The 
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welding currents of given thickness are approximately those 
required for steel (Table XIII) and the rate of travel is in the 
same proportion. 

126. Types of Aluminum Joints.—Aluminum sheet of less than 
t-fe in. thickness may be butted together during the welding 
operation. In the presence of suitable flux, the welding rod is 
then fused into the joint according to the basic method of the 
previous discussion. 

For aluminum sheet greater in thickness than the edges 

of the abutting sheet are flanged in accordance with Fig. 112. In 
welding this seam, flux is supplied on the flanged surfaces‘and 

y-^ the welding heat applied on span 

y/ 7 ^ // lengths up to 6 in. without tacking 

// or the addition of filler rod. 

// The flange joint, is not suitable 

X // for . arc welding. However, the 

} f j {/ plain butt joint, or the notched 

^Nol-ches ec^ua//y butt joint (Fig. 88) should be used. 
spaceol 3 When the plate thickness is more 

Fig. 88.—Notched butt-type joint than 3^0 in. and less than ^a 'in., 
for aluminum sheet. joint with edges notched 

with the blade of the hacksaw or chisel to a depth of not greater 
than ^^-^-in. and M-in. spacing (Fig. 88) is used. These notches 
serve not only to absorb the flux, but to supply the flexibility for 
absorbing shrinkage after the weld is made. No preliminary 
tacking is required in this type of joint. 

127. Welding of Heat-treated Aluminum Alloys.—^These alloys 
are used for fittings, engine crankcases, and sundry parts. Repair 
by welding is limited to a very few of these heat-treated alloys. 
Duralumin sheet is a typical aluminum alloy used in fittings and 
airplane tanks, and prestressed skinned surfaces. This alloy 
contains aluminum, copper, manganese, magnesium, and traces 
of other elements. If it is necessary to weld duralumin, its prop¬ 
erties may he maintained only by subsequent heat treatment. The 
method of welding is practically the same as previously outlined 
for the soft grades of aluminum mth the exception that the weld 
be completed in a single pass, particularly on tanks for holding 
liquids. Reheating of the metal in the first pass by metal of a 
second weld layer destroys the strength, ductility, and toughness of 
the underlayer, by burning. 
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The heat treatment of a welded strong aluminum alloy depends 
upon the alloy in question. The temperature to which the welded 
parts are heated in a furnace or fused-salt bath (50 per cent sodium 
nitrate, 50 per cent potassium nitrate) varies from 890® to 970®F. 
Thorough heating requires a minimum time of 15 min. and 
becomes greater for larger welded parts. Quenching in cold 
water follows this heating and soaking period in order to preserve 
the corrosion-resisting properties of these aluminum alloys. 
Additional protection against corrosion may be had by painting 
the repaired part with aluminum bronze in a vehicle of spar var¬ 
nish or lacquer. 

128. Removal of Flux.—^The flux used in aluminum wielding 
produces corrosion of the aluminum unless the flux is removed. 
The removal of flux constitutes one of the important requirements in 
welding repair of aluminum. If steam is available and can be 
played against' the W’eld, the traces of flux .may be removed 
thereby. 'A more effective procedure to follow is to wash the 
areas affected by the weld by a hot solution (100®F.) containing 
2 per cent nitric acid and water or a warm solution (80®F.) con¬ 
taining 10 per cent sulphuric acid and water. Application of 
these solutions is to be followed by rinsing with hot water and 
scrubbing wdth a brush for 20 min. The complete removal of the 
flux can he determined by a few drops of a 5 per cent silver nitrate 
and water solution. Persistence of a milky precipitate is evidence 
of insufficient w^ashing, and washing must be repeated until the 
silver nitrate solution remains clear when applied. 

129. Repair of Welded Aluminum Oil and Fuel Tanks.— 
Cracks in fuel-tank shells can be repaired by wielding (see 
Fig. 895). It is necessary to remove all paint coatings for a dis¬ 
tance not less than 3 in. from the cracks by the application of a 
suitable paint remover. Traces of paint remover must be thor¬ 
oughly washed off wdth hot w’^ater. Any trace of gasoline fumes 
or oil should he removed before welding heal is applied. Steam 
may be used for this purpose, followed by partially filling the tank 
with fresh water and shaking for a few minutes. The tank should 
be emptied and the remaining contents removed by the applica¬ 
tion of compressed air. 

Cracks in baffles must be located by low^ering a small mirror 
suspended on a rod through the filler neck or sump opening. 
Another, more approximate, method is to strike the tank shell 
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with a .block of wood without denting the surface until the loose 
section is located. In the vicinity of this crack or cracks, it 
becomes necessary to cut an opening in the shell through which 
the welding may be done. ■ Usually a circular hole suffices, or a 
square hole mth rounded corners may be cut. A small hole 
in. in diameter) is drilled at the end of the crack to stop 
it from spreading during welding or after the tank is placed in 
service. • . • • 

The welding of the cracks is done with the oxyhydrogeh flame .and 
a filler rod of the same material as the tank, and. containing 5 per 
cent silicon., if available. Apply suitable aluminum-welding 
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here: £?inii 
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Tank shelf' Driii at end^' 

of crack 

■ (a) ■ • (z>). : 

Fig. 89.—(a) Repair of baffle crack; (6) repair of crack in lightening hole flange. 


flux, supply enough heat to form a. bead on the crack, and progress 
mth the weld from the end of the-crack toward the hole drilled 
in the crack. 

To close the inspection hole, it is necessary to roll the edge of 
the hole aiid the patch to form a flange weld, which is then wielded 
according to the procedure of Job Unit 18. 

Where the cracked baffle is repaired by riveting, a hole is 
drilled at the'end of the crack as for wielding and a patch riveted 
in position to straddle the crack, as is shown in Fig. 89a. Where 
reinforcement between the baffle and the tank shell is required, it 
becomes necessary to rivet the strap to the shell and the baffle 
with sufficient rivets which are. spaced no closer than six rivet 
diameters. When using brass or steel reinforcements instead of 
aluminum, their surfaces which are in contact with the aluminum 
must be tinned to minimize corrosion. If steel, brass, or copper 
rivets are used, these must be completely tinned before using. 
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130. Spot Welding, of Aluminum. —Resistance welding of 
aluminuni is restricted to spot welding. When a high-quality 
spot weld is to be obtained, suitable equipment must be avahable. 
The minimum requirements are: A transformer of adequate capac¬ 
ity, an electrode-pressure device^ and precision time control for the 
power impulse. Equipment which is lacking in any one of these 
details is wholly unsatisfactory for the spot-welding requirements. 
The accurracy with which these factors are controlled independ¬ 
ently of the operator determines in a large measure the success 
or the failure of the spot weld. The most important factors are 
enumerated in the following outline: 

1. Heed'Generated for Given Current and Resistance of S'pedmen Meted .— 
The surfaces of the specimen must be clean to establish electrical contact. 
The capacity of the- welder to produce large currents at a low impressed 
voltage is inherent in the design of the 'welding unit* available. Only by 
manipulation of electrode, pressurCj power hnpulse, time, and current taps 
can optimum results be obtained. 

2. Pressure at- Electrodes. —^Aluminum alloys have little or no compressive 
strength at fusion temperatures. Electrode contact "with the surfaces must' 
be fiLrmly established 'with the proper diameter and kept cool at the electrode 
tip in order to localize fusion between interfaces of the metal and to prevent 
serious undercutting of the areas in contact with the electrodes. When 
the pressure is insuficient to maintain electrical contact, arcing may occur, 
which .either fuses the sheet to the electrodes or leaves a porous weld. 

3. Electrode Shape. —Relatively small electrodes insure the required high- 
current density wdtk the least disturbance of the magnetic field. A cylindri- 
cally. shaped lo'wer electrode with a flat top and an upper electrode tip 
which is slightly spherical produce 'welds without undercutting '^'hen the 
electrode pressure is correctly adjusted. Tips which are refinished leith a 
file leave their rough imprint on the specimen and increase metal pickup by the 
electrode. Redressing -with fine sandpaper produces the hes-t finish, unless 
there is serious deformation. 

4. Time Duration of Power Impulse. —prolonged power cycle produces a 

rapid deterioration in strength. A power impulse which is too short in 
duration, unless it is of high amperage, results in an imperfect band between 
metals at the electrode tips. ' Accurate timing is essential for duplication 
of results. . , 

5. Condition of Metal to Be Welded as Affected by Temperature. —Ruralurnin, 
or 24ST, maintains a surface •'without undercutting when current density is 
high, electrode contact is cool, pressure is moderate, and time impulse is a 
minimum. Duralumin does not appear to age naturally after welding or to 
regain the strength at the weld. Subsequent heat treatment for such a 
small area as a spot weld involves additional handling and cost. 

6. Thickness of Metal. —Very thin gauges cool quickly and develop higher 
unit strengths for the same type of joint (lap, or butt 'with single-comer or 



158 


AIRPLANE MAINTENANCE 


[Chap. VIII 


1 


double-corner plates). Special jigs are an essential part of equipment to 
insure alignme^it of adjacent parts. Elastic failure in misaligned parts 
intensifies the unit stress in the weld, which can least afiord to be jeopardized. 
Heavy-gauge metal localizes loads in the softer weld if allowed to remain in 
the structure. Double or triple row's of alternately spaced wields furnish 
necessart’' stiffness at the juncture of the plates to intensify stress in multiple- 
spot w'elds. Tests show that the strength does not increase directly with 
the increase in number of spot wields. 



Fig. 90.- -Examples of spot and seam welding. {Courtesy, Aluminum Company 
of America.) 

7. Length of Secondary Leads .—The use of short leads reduces voltage 
drop to a minimum value for maximum current density at the w'-eld. 

8. Spacing of Welds .—Owing to the presence of adjoining spot welds, an 
electrical shunt exists w'hich diverts a portion of the current from the weld 
being made. As much as 10 per cent additional current is required to pro¬ 
duce an equivalent, strength in welds. According to available research, 3^ in. 
spacing develops the best results in thin-gauge melds. 

Typical values of these quantities for spot wolding aluminum are given in 
Table XIV. . • • 

When automatic resistance-welding equipment is • used and 
the least welding time, electrode pressure, and welding current 
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are accurately controlled, welds comparable with rivet strength 
are produced with little or no deterioration under corrosion. 
A series of spot-welded joints under accurate conditions of control 
produce tensile .strength in spot welds about the sa7ne as' riveted 
joints (see Table XV). 

A spot”welded fuel tank in which the joining has been made 
exclusively by the spot-welding process is shown in Fig. 90. 


Table XIV.— Approximate Values of Spot-welding Variables for 

Aluminum 


Thickness, 

in. 

^ Cycles of 

60-e\’’cle power 

Amperes, 

approximate 

1 Electrode 
pressure, lb. 

0.020 

1 

: . 16,000 

300 to 500 

0-036 

2 

20,000 

400 to 650 

0.064 

4 . 

24,000 • 1 

500 to 800 

0..081 

i 6 

28,000 

600 to 700 

0.125 

' 9 

35,000 i 

700 to 1200 


Courtesy of Aluminum Company of America. 


Table XV.—Tensile Strength of Spot Welds-in Alclad Aluminum 

17ST Alloy* 


Gauge, in. 

Spots or rivets 
per inch 

Spot-weld 
strength, lb. 

Rivet strength, 
lb. 

. 

0.016 

3 

406 

3361 

0.016 

2 

258 

224 

0.016 

1 

147 

112 

0.020 

3 

528 

420 

0.020 

2 

356 

280 

0.020 

1 

177 

420 

0.032 

3 

. 880 

900t 

0.032 

2 

690 

: 600 

0.032 

1 ' 

^ 320 

300 

0.051 

3 

1360 

1077 

0-051 

2 

i 914 

1 736 

0.051 

1 

490 

; • 368 

0.064 

3 

1 1940 ‘ 

S 1079 

0.064 

2 

1335 

736 

0.064 

1 

i 675 

368 


* The^ values should not be used for design as they represent the average of only fou? 
specimens- ' • 

t These six tests made with ^'3 2-in. rivets. 
t These nine tests made with rivets. 

Courtesy of Aluminum Company of America. 
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131. Hard-surfacing.—An important part of airplane mainte¬ 
nance is the method of surfacing parts to resist wear and high 
temperature, such as found on.tail skids (Fig. 91) and valve seats 
(Fig. 98). Hard-surfacing inaterials which are laid on to steel, 



Fig. 91.—Hard-surfaced tail-skid shoe‘after 1,061 landings or 116,900 yards. 

{Courtesy of Hayries Stellite Company.) • 

or metal with poor wearing qualities, possess the following 
physical properties: • 

1. Resistance to abrasion, .wear, and corrosion. 

2. Maintenance of hardness and -wesar resistance at red heats. 

3. Low coefficient of friction. . 

4. Coefficient of expansion approximating that of- steel. 

5. Lower melting temperatures of steel, so that the steel solidifies first 
and absorbs sonxe of the shrinkage of the hard-surfacing material which 
otherwise would crack or spawl if the shrinkage were absorbed in the hard- 
surfacing material. 

132. Preparation of Surfaces.—These hard-surfacing mate¬ 
rials may be applied to steel in the rod or pellet form. Before 
proceeding with the hard-surfacing operation, the surface to- be 
overlaid must be cleaned of scale and surface accumulations by 
sandblasting, grinding, filing, or scraping. Surfaces which are 
to. be coated should be ground to rounded edges. Square edges 
or corners of this hard-surfacing metal chip under impact. 

The surface to be coated is preheated to a dull-red heat. 

133. Hard-surfacing Method.—Select a tip size of one size 
larger than the corresponding size of tip which is required for the 
same thickness of steel. The welding flame should be adjusted 
so that the excess acetylene off the' end of the inner zone is 
produced twice as long as the length of the inner zone. The 
usual test for the proper amount of excess acetylene is by studying 
the surface under the flame. An excess which is too great wiU 
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appear as black carbon deposit on the surface of the weld. With 
insufficient excess acetylene, the hard-surfacing material \\dll boil. 

The torch should he directed in a position 30 deg. from 1:he surface 
being coated so that the flaryie does not penetrate the molten metal 
and farm blowholes. Before applying any hard-surfacing mate¬ 
rial, the skid shoe or valve seat shoffid be preheated to a diill-red 
heat and maintained at this temperature to prevent surface 
cracks. The first layer of hard-surfacing material may be laid 
on in an operation vei^^ similar to tinning when the metal is at 
the proper heat. Additional layers are built up until the thick¬ 
ness of hard-surfacing is reached. Ai the completioii of hard-, 
surfacing, the skid shoe should be covered and allowed to cool to 
prevent checking of the hard surface. 

' The electric arc is used for hard-surfacing by making the coated 
electrode the positive terminal and the part being, hard-surfaced 
the negative terminal. The operation produces a smoother 
finish and is more permanent mth flux-coated electrodes, using 
welding currents between 200 and 250 amp., depending upon 
the rod size and the thickness of the plate being hard-surfaced. 

134. Stainless-steel Welding. * Flame Welding. —The steels 
composed largely of 18 per cent chromium and 8 per cent nickel, 
or briefly 18 and 8, are knowm as stainless steel. The light gauges 
of this metal are commonly encountered in maintenance, and 
satisfactory welds can be made with the gas flame and the electric 
arc or by resistance welding. For thicknesses less than Ke 
the oxyacetylene -process is recommended. For greater thick¬ 
nesses, the arc-welding process is faster and preserves the corro¬ 
sion-resisting properties of this steel. During the welding 
process by either method, suitable flux is required on the top 
and the reverse surfaces to prevent oxidation in the welding 
atmospheres. ‘ ■ 

A neutral fia?ne should always be used in gas welding to obtain 
maximum strength and ductility. An excess acetylene flame 
increases the hard carbide content of the vreld. metal, reducing 
ductility and corrosion resistance, whereas excess of oxygen flame 
produces haf'd oxides and porous welds and therefore should be 
avoided. 

A small flame should be used but of sufficient size to fuse the 
area under the inner cone of the flame. Only by using a welding 
rod similar to the plate composition and containing a limited 
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amount of columbium, molybdenum, or .titanium can the preci¬ 
pitation of.harmful carbides at the grain boundaries be pre¬ 
vented, p&,rticularly in the zone approaching 1400°F. at the 
edge of the weld and parallel to it. In rapid welding, this zone 
may be narrowed sufficiently to prevent corrosion and lessen the 
tendency to warpage in thin sheets. After the weld is finished, 
additional heat treatment is not absolutely necessary in exhaust- 



Fig. 92.—Exhaust collector ring. {^Courtesy of Re'puhlic Steel Corp.) 

collector rings (Fig. 92). If it is desirable to preserve the finish 
so as to repolish the surface, the jparts may be heated carefully 
so as to prevent warpage in the parts to a temperature in excess 
of 1900°F. followed by rapid cooling which occurs in thin-gauge 
metals in air. 

135. Arc Welding.—^Arc wields on stainless steel are most 
satisfactory when the thickness is greater than He m. The 
electrode used has a flux coating and is made the positive terminal 
in an electric-welding circuit- This is another way of saying 
that-reversal polarity is employed to obtain satisfactory arc-weld 
deposits. For repair welding on stainless steel with the electric arCy 
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it is recommended that support he given the seam by clamping in a 
suitable jig. This jig consists of a copper bar with a slight groove 
placed in line vnth. the crack, and clamps to hold the steel in 
place. 


Table XVI. —Arc Welding of Stainless Steel* 


Gauge, in. 

Current, amp. 

Voltage 

operating 

Electrode 
diameter, in. 

0.062 

35- 70 

35-40 i 

^.3 2 

0.094 ! 

40- SO 

38-42 ! 

3 32 

0.125 

60-100 

40-45 ■! 

! M 

0.156 

80-150 

45-50 i 

' ?3 2 

0.1875 

105—165 

55-60 

M 6 


* Arc lengths maintained as consistently short as necessary for sound weld. Fit-up of 
parts to be reasonably close or within in. with clamping to insure its maintenance. 
Kerf for H 6 in. or less should be planed squarely or sheared without burrs remaining. 


136. spot Welding.—Spot welding of stainless steel can be 
depended upon to produce welds approaching in strength, 
ductility, and toughness those of the original sheet. The factors 
most important in this type of •welding are the same as outlined 
for aluminum. Specific values of current, electrode size, pressure, 
and timing cycle depend upon the class of work, the gauge, and 
the stainless steel which is welded. The exact procedure must he 
arrived at .by varying these factors until the desired result of f usion 
is obtained. Undercutting or brinelling effect is avoided by 
interposing a copper or aluminum block between the sheet and 
the electrode so that the resulting electrode pressure is absorbed 
in the copper or aluminum. Copper is preferred since it has a 
higher rnelting point and does not readily pit and draw a slight 
arc such as does aluminum, which disMpates the welding energy 
at points other than between the interfaces of the sheet. 

137. Silver Soldering.—This is a method of bonding metals 
where structural strength is not an important factor. This solder 
is compounded principally of silver, copper, and nickel. ‘ Typical 
jointg which are silver-soldered are those in copper or Monel- 
metal fuel fines and stainless-steel parts. Tgmpej'ed-steel wires 
should not be soldered, but clamped, pinned, or bolted instead. 

Hard-soldering is done with a flux of borax by tinning the 
surfaces in contact to be soldered. A strictly neutral flame 
should be maintained to prevent oxidation and solder embrittle- 
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ment. The mating parts are sweated to permit the solder to 
flow between the interfaces. In repair work, soldered joints 
should never he welded. All the solder should be removed by 
melting, scraping, or * filing bef ore welding. Ob\dously it is 
possible to solder welded parts. . Prolonged heating of cold- 
drawn or cold-rolled stock softens or weakens the arjeas affected 
by heat. A soldering speed consistent with good bonding 
should be the rule. . 

For stainless steel, soldering is done with the low-melting-point 
silver solder, because there is less tendency of- scale formation 
and serious warpage. A special flux is require for^ the soldering 
of stainless steel. Overheating should be avoided because surface 
cracks are developed in the-stainless steel by the usual silver 
solder. 

‘138. Brazing.—The brazing process differs from silver solder¬ 
ing only in the respect that the copper-tin-zinc mixture is applied 
between adjacent parts. The flux which must.be used is largely 
borax or boracic acid. Copper, Monel, and steels are readily 
brazed, with shear strength of 10,000 lb. per square inch. 

Brazing shall not be considered a structural connection in a 
primary structure. . In order to braze it is necessary to clean 
the adjoining surfaces of grease, scale, and accumulations. 
Each of these cleaned parts is tinned by adjusting heat to fluxing 
surfaces. Torch, or arc, or resistance heat sources are. used. 

Brazing is limited to parts in compression or shear. The mating 
parts to be brazed are clamped in position, for the operation. 
Brazing of stainless steel is satisfactorily done by using similar 
techniques, with the exception that special brazing flux that 
removes scale and insures continuous bond may be used. A few 
types of brazed joints are outlined in the accompanying sketches. 

Brazed joints are designed for shear, so that any arrangement 
developing maximum shear resistance is preferred. The ^Tap 
joint” is generally used.because it is possible to vary the lap. 
area to* incorporate any margin of safety, owing to. the small area 
of brazing alloy exposed. Moreover, lap joints offer better 
resistance to corrosion. These joints are readily held by suit¬ 
able fixtures with close control of tolerances. With flat parts, a 
light pressure by added weight in a. convenient place on the part 
assures complete bonding. Where tubular members are brazed 
or silver-soldered, pressure cannot be exerted and capillarity 
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and surface tension, 'which, are dependent upon lie.at control, 
become controlling factors. 

139. Repair of Tubular Members by Welding.—Most of the 
steel in the structural tubes of metal aircraft is chrome-molybde¬ 
num (S. A. E. 4130), usually’* in the normalized condition ^nth a 
tensile strength of 95,000 lb. per square inch. Such members as 
the landing gear and wing cells are designed for much higher 
physical properties since the compressive loads are in excess of 
the usual requirements. Welding heats lessen these high physical 
properties in local areas if welding is attempted. If greater 
column strength is required, localized welding of the fittings 
near the extremities of the affected members is possible without 
impairing the column strength. 

Any repair, which involves welding of an existing structure 
should he undertaken only after a careful study by compete7it authori¬ 
ties is made of the drawings and the loads carried by each member, 
to insure that proper consideration is given each item of repair. 
When this study discloses that no special properties are needed, 
damaged parts can be repaired, reinforced, or replaced. 

General Principles of . Welded Tubular Construction. —The 
structural members of an airplane, that is, the fuselage, engine 
mounts, wing sections, etc., are subjected to'tension, compression, 
bending, and vibration. The size of tube, plate, or shape used is 
computed for one or more of these. In a typical case, if a large 
ratio of length to diameter is assumed, the members crush at the 
ends and bend- in the center of the structural member, w’hen 
vrelded. The stress rarely is equally distributed. Probably the 
stress is a maximum at the center section, nearly a.maximum’ 
at the ends, and a minimum approximately 20 per cent of the 
length from both ends. 

Although the stress is greatest at the center, failure occurs at 
the tube ends when the tube has bent permanently. The analysis 
explains how stiffness and strength are obtained when joining 
end to end by telescoping rather than by butt welding. 

Structural members in d fuselage are under tension, compression, 
and bending loads £f varying intensity. The tube size, or plate 
thickness, is calculated for one or several predominant stresses. 
In a typical instance of- a tube where a large ratio .of length to 
diameter is used, the welds, at the ends can safely develop the 
plate strength only when the joints receive heat treatment; otherwise 
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the crushing strength in the annealed section of the weld is 
reduced below that of the tube. This critical section requires 
suitable reinforcement, such as a strap or sleeve tube to stiffen 
the gusset with adequate reinforcement at the tube ends. The 
tube should bend in the center. ■ 

Further extension of the analysis for the weld construction 
explains why unnecessary application of heat near critical sections 
should be avoided. For instance, holes drilled for injecting lion- 
oil to prevent internal corrosion of structural tubes are located 
usually beyond the critical section of the weld which is more than 
tw-o weld-bead widths from the weld in gas-welded members and 


Top View 

We/c/ enfj're / * ho!e 


EIev(?ftion 

Fig. 93.—Repair of dent with ^ Fig. 94.—Repair of slight tube 

patch. dent. 

one vreld-bead vddth for arc welds.- These drill holes should he 
closed with a screw plug instead of by welding. Consequently a 
tube under compression should not be heated in any portion 
betw’een the ends. 

The practice of placing solid gussets between tubes intersecting 
at an angle less than 30 deg. imposes crushing tensile and shear 
stresses at the welded joint and collapses the tube by buckling 
in the first 20 per cent of the tube length. Either strap gussets 
or no gussets are used. 

A weld deposit with concave bead is to be preferred where 
\dbration is an important consideration.. Chrome-molybdenum 
steel is of less advantage in locations where there is vibration as, 
for example, in engine mounts. . 

The usual occurrence of failure, outside the w^'eld in a well- 
executed joint shows that the strength is not dependent upon the 
weld so much as upon the extent to which members welded are 
weakened by the wielding process. 
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140. Reconditioning of Minor Dents. —Dents in tubes not 
heat-treated are often removed as sho’5\ni in Figs. 93 and 94. 

Local dents in heat-treated compression tubes are often 
repaired by using a splint tube or splint over the damaged tube 
in a manner shown in Fig. 95. The splint tube must be of the 
same material and thickness as the dented tube, and be clamped 
tightly so that neither, the clamps nor splint will loosen in semice. 
The spacing of these clamps and 
essential dimensions of the splint 
tube, so that its inside diameter 
will fit by telescoping the'damaged 
tube, appear in Fig. 95. 

For repair of larger dents in tubes 
which are not heat-treated, a patch 
of the shape in Fig. 93 and thickness 
of the damaged tube is welded in 
place. Preference is given the 
tapered patch to reduce. excessive 
length of welding bead with con¬ 
sequent loss of tube strength. 

141- Strengthening of Compres¬ 
sion Members. —Reinforcement of 
compression members in the fuselage 
may be done with a splint and 
clamps wielded to one half of the 
splint. The splint should be of the 
same type of steel and the same 
gauge thickness as the original tubing. Additional stiffening of 
the repair section is obtained with strap gussets (Fig. 95). When 
the member is in compression, a fiat-ended splint is used. For a 
member under tension and compression each half of the ends of 
the splint tube is cut at an angle less than 30 deg. 

Damaged fittings should be replaced by cutting each tube in 
the cluster joint of which the fitting is a part at a distance no less 
than four times the tube diameter. The replacement fitting with 
a corresponding stub- tube wielded in position is positioned in 
alignment with its mating tubes over which have pre'^iously been 
slipped the sleeves of the same material and wall thickness as the 
original tube. These sleeves are cut to form a fishmouth which 
is welded-in the position shown in Fig. 96c. 


Spfrnf-^ 


Clamp— 

Splint 
tube -: 



or com¬ 
pression 
X only 


Q)WeIclfish- 
mouth for 
eachJoint 
when mem- ^ 
ber is irfcom- ^ 
press ton and “je 
shear " ’* 


\—-Dent 


hi 


yteJd 


'' I ■ Strap ® 

I \0usset 




Fig. 95.—Repair of compres¬ 
sion member. Items 1, 2, 3 refer 
to repair of fuselage member. 
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142. Longeron Repairs.—Split or broken tubes must ‘ be 
removed and a suitable replacement must be inserted in their 
stead. Several- alternative splices may be used. But only the 
welded joints providing the maximum strength under tensile and 
beTiding loads, or splices which develop the original tube strength, 
are recommended. 
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Fig. 96. —Alternate methods of tube repair. 


The method of making this repair is outlined in the following 
paragraphs: . 

The damaged tube is removed so that the stub end remaining 
in the cluster is at least four times the tube diameter. The. slope 
of the fishmouth sections should be 30 deg. or less (Fig. 96), while 
the end of the scarf tube should be 45 deg. or less (Fig. 96a). 

For the fishmouth-tube weld, the splice tube or sleeve is recom¬ 
mended in all joints because of its greater strength in bending. 
However, an insert tube welded in a scarf joint in the manner 
of Fig. 96c shows equally as great a resistance in bending. 
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The final repair section differs only in type of weld, either fish- 
mouth or scarf, and the two kinds of sleeves in the sphce, outside 
or inside. Figures 966 and d show these in position for each 
particular type of repair. 

An inside sleeaeis cut to a length fom and one half times the 
diameter of the damaged tube,; and the- stub tube at the cluster 
joint is shaped to a V, as shown, with two J^-in. holes drilled at 
90 deg. in the outer tube only. 

Wo assemble the joint, start at T. Insert the inside sleeve of 
the same gauge and material as. in the original tube until the end 
is flush with X. Do the same at the opposite cluster. Center 
the repair tube and fish through the outside holes vdth a seriber, 
and move the inside sleeve in the position shown in Fig. 96a. 



When thus located, seal all holes in the outside tubes, or four on 
either end of the repair section, by rosette welds. Tack-weld 
each scarf joint at equidistant points. Then weld away from 
points by backward welding to prevent burning through the tube. 

• In Fig. 966 are shown the details of a very satisfactory repair 
which differs from the previous repair in that the outside sleeve 
with the same gauge and material as the original tube is used, and 
no rosette, welds are made. . . 

A fishmovih splice requiring a single w-eld and using an insert 
sleeve and outside tubes cut at 30 deg. is shown in Fig. 96c- This 
repair shows a very high bending and tensile strength, equaling 
the original tube properties. ' . 

143. Welding Jigs. —^^A jig is a rigid structure w^hich holds 
several parts in accurate alignment w'hile welding is being done. 
Jigs are used to locate the component parts without the necessity of 
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fitting these parts in place on the airplane. The jig is made rigid 
to prevent distortion of the parts which are welded. The jig 
is built hith sufficient strength so that warping does not take 
place in its- own structure. -Assurance that the welded repair 
sections vdll fit accurately is sufficient justification for the addi¬ 
tional expense.. The time saved in positioning the adjacent parts 
accurately pays for the jig if it is simple in construction. 

The jig for holding the parts of an exhaust stack (Fig.. 97) 
consists of angle plates which are bolted to a bedplate. A sufii- 



Fig. 9S.—Rotary jig for hard-surfacing valve inserts. (^Courtesy of Haynes 

Stellite Company.) 

cient number of these supports are used to locate the stack in the 
position for welding. The top of each angle plate need only be 
given a V-notch, which has important uses for aligning tubular 
meihbers. 

Another type of jig is one which rotates the work, during welding, 
under the torch. Such a jig is shown in Fig. 98 for hard-surfacing 
valve insets on valve-seat rings of aircraft engines. 

The minimum requirements of welding jigs are: 

1. Means provided for rapid clamping in position, for welding and detach¬ 
ing after welding when parts are too light for effective use of gravity. 
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2. Provision for necessary clearance between weld and jig to prevent an* 
blow and too much heat loss from weld to tube, or sheet; 

3. Provision for necessary convenience to permit welding in down-hand 
position. . - 

4. Ability to determine size, shape, and form of ends in all segments of 
parts. 

5. Provision for location points which permit insertion of parts only in 
the correct position. 

6. Economy without sacrifice of accuraej". 

7. Freedom from sharp edges and corners, which injure operators. 

8. Positions of all locating points, their mechanical movements, and the 
effect of welding heats on them taken into account. 

9. Provision for removal of the completed part without loss of time; 
C-clamps and holding clips which may be slipped in place and removed, 
reduce the jig cost. 


WELDING JOB UNITS 

The following welding jobs have been arranged progressively 
from the simple wielding exercises to complex joints. The experi¬ 
enced welder should be able to execute any job creditably. But 
the apprentice welder should proceed from the simplest job and 
gradually perfect his technique until he is capable of welding the 
most complicated joint with ease. 

The welding instructor is adtdsed to grade the apprentice on 
such details as care of equipment, facility with torch and equip¬ 
ment, workmanship, and knowdedge of correct welding procedure. 

In each job. unit - questions are listed under the discussion to 
stimulate thought and develop a critical analysis of the particular 
details of welding. 

GENERAL INSTRUCTIONS FOR OXYACTELYENE JOB UNITS 

Purpose: To familiarize the student with the method and technique of 
welding steel. 

Equipment 

1. Oxygen and acetylene regulators. 

2. Aircraft torch or blow^pipe. 

3. Torch tips for metal thicknesses to be welded (Table XI). 

4. Accessories—wrenches, spark lighter, gloves, goggles, wire brush. 

Materials 

1. Welding rod of suitable chemical analysis. 

2- Cold-rolled plate stock or drawn tubing of either S. A. E. 1025 or 

S. A. E. 4130 steel. 
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Procedure • 

1. Connect the equipment aboye as described in Par. 123. 

2. With emer 3 " -cloth, file, or wire brush clean the surfaces to be welded. 

. 3. Shear or cut all flat stock or tubes and place these with mating distance 

of 1'3 2 between the plate and tube edges. 

4. Instructor outlines method of welding the plate or tube or both.- 

Specimen weld for particular job unit, which has been done by instructor, is 
studied. '• . . ■ 

5. Student makes up the joint of the two or more, parts and places tack 
welds according to directions in the job unit. 

6. Student completes the weld.' 

7. Inspection of finished weld .in manner described below- furnishes the 
means of analyzing the results and correction of errors in welding technique. 

8. The completed weld is submitted to instructor, who discusses the results 
and means of improvement with each welder. 

Inspection . 

1. Visual'examination is done to detect surface defects, such as blowholes 
and cracks, bead proportions, and workmanship. 

2. ‘ The penetration is determined by sectioning crosswise of weld vdth a 
hacksaw and polishing with emery cloth as directed in Par. 115. On the 
smooth surface, 5 per cent alcoholic solution of nitric acid is placed for 5 sec. 
and then thoroughly rinsed off. The fused area should be at least thyee 
times the area of the original gap between the plates. 

3. A section of welded plate or tube can be tested for .strength and 
ductility in a tensile testing machine or in the case of the plate bent in a 
vise. ■ 


Job Unit 6. Manipulation of Welding Torch 
Object: To handle the welding torch when- laying a bead in thin steel 

plate. 

, Equipment: Same as general instruc¬ 
tions above. 

Materials: Two pieces of I'fi-gauge 
sheet bent at the edges, .as' shown in 
Fig. 99. 

Procedure 

1. Place bent edges within in. of 
each other. 

2. Fuse the flaring edges in the flat 
position (Fig. 99) with the welding-torch 
flame. Filler rod is not to be use.d in 
this job unit. 



We/ders position 
Fig. 99.—Flange weld ' without 
filler rod. 


3. Backward or forward welding may be used in welding. 


Inspection 

1. Determine any distortion of the weld by laying the two flat plates bn a 
flat cast-iron or steel block before and after 'welding. 
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2. Examine weld deposit for scale, uniformity in height of bead, and 
roughness. 

Discussion 

1. How is warpage developed in this job unit? 

•2. How would you lessen this warpage? 

3. How can irregularity in bead height be prevented? 

4. Explain the means of correcting the lack of penetration to the under¬ 
side of the seam. 


Job Unit 7. Handling of Filler Rod 

' Object: To become familiar with the filler rod and with the welding torch 
during the welding of thin-gauge steel. ■ . 

Equipment: Same as in general instructions. 

Materials: 16-gauge sheet steel, 4 in. wide and 6 in. long. Filler rod of 
}^Q in. diameter. 

Procedure 

1. Slit the plate with a milling cutter or with a hacksaw blade so that 
four slots 6 ill-' wide and 5 in. -long are cut (see Fig. 100). 



Wele/eri position 

Fig. 100.—Exercise for welding with filler rod. 

2. Support the plate so that no obstruction lies directly under the seam. 
3: Fill each slot in succession with molten filler rod. Start the weld 
deposit at 1 (Fig. 100) and complete this seam by forward welding. 

4. Repeat the welding of seam 2 by backward welding after commencing 
the deposit at the open. end. • 

5. Weld slot 3, starting at closed end, by the back^vard welding method. 

6. Repeat weld in slot 4 by forward welding from the closed end of the 
seam. In performing this job turn the plate 180 deg. from position of 
Fig. 100 before starting the weld. 

Inspection 

1. Examine each weld for surface cracks, blowholes, uniformity of bead, 
and workmanship*. 
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2 . Check plate for flatness by placing the sheet on a flat iron surface with 
grooves under each seam before and after welding. 

3. Determine the penetration by sectioning the sheet with a hacksaw, and 
polish and etch this section according to Par. 115- 

Discussion 

1 . How do you account for surface cracks in welds 1 and 2, and no surface 
cracks in welds 3 and 4? 

2. Which of the two following methods of welding is apt to cause severe 
warpage;,. 

а. To proceed with the weld from the open end of the seam? 

б . To weld from the closed end of the slot toward the open end? 

3. In welding,' the general facts are that the shrinkage stresses which 
cause buckling of plates or tubes are held at a minimum by allowing the 
welded member to expand and contract freely until the weld has been 
complete- 

job Unit 8 . Alignment 

Part A. Welding to Produce Alignment 

Object: To study the preparation of seams and the use of welding equip¬ 
ment to xnaintain the alignm’ent of parts. 

Equipment: Consult general instructions. 

Materials: Two pieces of 16-gauge sheet steel, 1 by. 5 in. Ke-in* filler ro(J. 
Procedure 

1 . Shear or trim each piece so that each end is 1 in. (Fig. 101 .) 

2. -Set the two pieces with the initial gap at in. and the gap (7) in the 
oppos.ite end at ^4 in. 

3. Tack-weld at I and forward-weld the seam completing the weld at 1 
by melting through the tack weld. 

4. Grind ends to be flush with the ends of the plate- 

inspection ^ . 

1 . Check sides and ends with a square to determine variation from 90 deg. 

2 . Examine bead for blow’-holes, cracks, scale, and workmanship. 

3. Grind, polish, and etch a cross section of the weld to determine pene¬ 
tration and fusion. 

4. Check for warpage of the plate by laying the welded job on a flat iron 
block with a groove under the welded seam. 

Discussion 

1 . Explain any distortion of the w'elded plates. 

2. Why do you account for no buckling in this job unit? 

Part B. Development op Misalignment 

Object: To study the development of misalignment in adjoining parts. 
Equipment and Materials: Same as Part A. 
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Procedure :■ Items 1 and 2 are the same as for Part A. 

3, Ho not tack-ureld at any point but start the vreld at the point nearer 
to the welder (Fig. 101) and weld the seam by 

forward welding. ' , i y'f 

Inspection a i i . 

1. .Check the end and sides for right angles 
with a square. 

2. Examine weld for scale, blowholes, and 
workmanship. 

3. Section, polish, and etch the weld for 
penetration and fusion. 

Discussion: How do you explain any misalign¬ 
ment in Part B with Part A ? 


Job Unit 9. Comer Welding—Part A 

Object: To use welding torch and filler rods 
in comer weldings while in the horizontal 
position. 

Equipment; Consult general instructions. 
Materials: Two 16-gauge sheet-steel plates 3 
by 4 in. 

Procedure 


K-. 


We/c/ers position 
Fig. 101.—Weld with 
shrinkage aUowanoe in 
seam. 


1 . Hold the.two.plates on the welding table to form a tee (Fig. 102). 

2. Tack-weld at three equally spaced positions, so that plates are sepa¬ 
rated by a space. ' 

3. Begin seam weld at end near w^elder and forward-weld the seam, melt- 



IVe/c/eys poslfloiy 

Fig. 102.—Corner weld specimen, 
distortion in the plates welded by y< 


mg through the tack welds. 

Inspection 

1 . Examine welded plates for dis¬ 
tortion due to welding heats. 

2 . Examine welded areas for.scale, 
blowholes, surface cracks, workman¬ 
ship. 

Discussion 

1. What would happen if the seam 
were urelded while the edges are in 
contact throughout their length ? 

2 . How do you account for any 
1 ? What remedies can you suggest? 


Job Unit 9. Comer Welding—^Part B 
Repeat Part A with tee plate joint by welding in the vertical position. 
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Job Unit 9. Comer Welding with Plates of Different Thicknesses—Part C 
Object: Same as Part A with the exception that the plates are of different 
thickness, and the angle is 45 deg. 

Equipment: See general instructions. „ , ‘ 

Materials: One piece sheet steel 16 gauge, by by 4 in.; one piece 
6 -in., flat-stock steel, % e by M by 4 in. • 

Method , ■ 

1 . Lay the Jg by by 4-in. piece on the welding table and stand a 
16 gauge piece in place so it inclines 45 deg. with the horizontal plate 
[Fig. 103(1)1. 

2. Tack-weld ends at three equally spaced points so plate edge and bottom 
plate are separated e in. 



Indiccffes tacks 
No.I strip sfeel^y3)(4 
No.2 strip sfee/^x^x4 

Fig. 103.—Angle plate weld. 

3. Start seam weld at point opposite the welder (Fig. 103) and weld seam 
by backward welding on 45-deg. side. Direct the inner point of the flame 
at the line of intersection of the two plates. 

4 . Start seam weld on other side of the vertical strip at point nearest the 
welder, and complete seam by forward welding, directing the inner flame 
zone at the intersecftion of the two plates. 

Inspection : Same as for Part A. • ■ 

Discussion 

1 . Explain any distortion in the vertical plate. 

2. Explain the cause of piling up metal on heavy plate and leaving the 
vertical plate without a head or with holes burned through it. 

3. WTiat are the advantages of tack welds in this exercise? 

jSTote: Backing the . vertical plate with a iron plate on the side 

opposite the weld draws heat from the plate fast enough to prevent serious 
warping or burning in the vertical plate. 

In general, the inner zone of the flame must be directed slightly on the 
side of the heavier plate while welding the seam. 

Job Unit 10. Rosette Weld and Washer Weld 

Object: To learn how to make a rosette w^eld and washer weld. 
Equipment: See general instructions. . . ‘ 

. Material: 16-gauge sheet 1 by. 2 in., washer 12 in. in diameter. . 

Procedure 

1. Drill 34-ii^- hole in sheet. Center washer on plate as indicated in 
Fig. 104. 
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2. Fill holes 'P^'ith filler-rod metal by fij-st welding aronind the rim of the 
hole and gradually reducing hole size by the width of fiGller-rod bead. Repeat 


until hole is finally welded shut. 

3. Tack-weld washer in three equally 
spaced positions. Weld complete bead 
around rim of washer, approximating the 
bead shown in Fig. 104. 

Discussion 

1. Explain the cause of any distortion 



Fig. 104.—Rosette and washer 
weld. ■ 


in the plate. 


2. Why are tack welds used in this job unit? 


Job Unit 11. Tube Welding—Butt Joint 

Object: To manipulate the torch and rod for butt weld. 
Equipment and Material.—See general instructions. 



Fig. 105.—Butt weld in quarter section showing tack welds. 


Procedure 

•4 

1. Tack-weld as in Fig. 105, 

2. Complete' weld by backward welding while rotatmg tube under the 

torch. 

Discussion 

1. Sketch a cross section of the w'eld 
showing the filler rod cross-hatched to 
distinguish it from the parent metal 
(tubing). 

2. Answer the following: 
a. How is expansion compensated 

for in making a butt weld? 
h. Sketch a butt weld, showing 
effects of failure to compensate 
for contraction. 

Job Unit 12. Plate to Tube Weld 
Object: To use the method of welding a 
plate such as a gusset to a tube (Fig. 106). 

Equipment: See general instructions. 

Materials: Chrome-molybdenum-steel tubing 1 in. in diameter by 2 in. 
long; 16-gauge sheet 1 by 2 in. 
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Procedure • . 

1. Tack-weld plate to tube, leaving a Ke-in- space between tube and plate 
at three equally spaced positions. 

2. Start welding at point nearest to welder and forward-weld, directing 
the torch at the line of intersection between the plate and tube. 

3. Complete the weld on the opposite side in the same manner by the 
backward-welding method. 

Discussion 

1. Examine the cross section of the welds at the juncture of the plate and 
tube for penetration and fusion. 

2. Explain any distortion of the plate. 


Job Unit 13. Cluster-joint Welding for Tubes—Part A 

Object; To become familiar with the method and technique of making a 
cluster weld (see Fig. 108). 

Equipment: Same as in general instructions. 

Material: %-in. chrome-molybdenum steel; 3-in. stub lengths. 

Procedure 


1 Tack-weld tube 2 (Fig. 108) to tube 1 at three equally spaced points, 



so that the tubes are at right angles. 

2. Complete the weld in the regular 
manner by forward or backward welding. 

3. Grind tube 3 to point so as to fit space 
intervening between tubes 1 and 2. Tack- 
weld at 4 equally spaced points so that the 
center line of tube 3 intersects the axis of 
tube 1 at the same point as tube 2 in Fig. 
107. 


^C.L.pcfss through Complete the weld of tube 3. 

common point 5. Adjust the shrinkage stresses in the 


Fig. 107.—Cluster weld—two- 
tube section. 


follow'ing manner : Heat the entire welded 
area' to a dull-red heat. Imrhediately 


transfer the heat to tube 1 on the side opposite of weld and raise the tem¬ 


perature to dull-red heat over an area approximating three times the cross 
section of the two tubes. 


Job Unit 14. Seven-tube Cluster Weld—^Part B 

All details the same as Part A except the sequence of tube assembly 
(Fig. 108). . . • 

Procedure 

1. Tube 2 is tacked and completely welded to form T-joint at right angles 
to tube 1. Similarly, tube 3 at 90 deg. is welded into a T-joint, by tacking 
and fusing in* place. 
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2. Tubes 4 and 5 are ground to a fishtail, saddling at the junction of tubes 
1 and 2. In succession tube 4 is tacked and welded, then lube 5. The 



The pro- 


center lines of tubes 4 and 5 intersect in the manner of Fig. 108. 
cedure in welding fishtail joints is to proceed, 
after tacking in three equidistant points, 
from the wedge-point intersection of the 
angle tubes such as 4, 5, 6, 7, by backward- 
welding until one-fourth of the weld length is 
•finished, then speed up the operation to 
prevent burning through. The important 
fact to remember is that the heat at the apex 
of the angle is dissipated most rapidly; it is 
necessary, therefore, to direct the heat toward 
■the solid tube to obtain uniform fusion. 

Maintain a weld bead of concave contour. 

3. Tube 6- is ground to a fishtail and 
saddled between 1 and 3 where it is tacked 
and welded to these tubes. 

4. Finally tube 7 is tack-welded at the 
juncture of 1, 2, and 3, then completely 
welded at their intersection. 

5. Adjust the shrinkage stresses by heating the entire welded area to a 
dull-red heat followed by heating tube 1 to dull-red heat on the surface to 
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the width of the weld between tubes 4 and 5 and around the circumference 
froih weld to weld. Allow the weld to cool to room temperature. This 
heating and cooling maintains the alignment of the tubes in the cluster. 

6. The finished joint appears in Fig. 109. Note concave contour of welds 
and all tube intersections. Undercutting or excessive reinforcement of the 
bead will cause the rejection of the welded cluster. 

Job Unit 16. Repair Weld 

Object: To become familiar with method of making a repair weld. 
Equipment: Consult general instructions. 

Material: Obtain insert tube which fits freely enough to slide in a %-m. 
repair tube with a repair joint. . • 

Procedure 

1. Consult Par. 142 for nature and parts of a repair joint. 

2. Prepare parts from instructions given in Par. 142. 



3. Assemble parts as directed in Par. 142, only for one. joint instead of 
two, as shown in Fig. 110. 

4. Lay parts as assembled flat on the welding table and close four holes 
on one end of joint with rosette welds. 

5. Tack-weld repair joint of item 4 at four equidistant points. 

6. Weld seam halfway around the tube, then turn parts formerly on under¬ 
side to upper side, and complete the welding of the seam. Melt all tack 
welds as the welding proceeds through them. 

Inspection: As outlined in general instructions. 

Discussion 

1. Explain any distortion or warpage in the joint. ’ 

2. When is the repair joint used in airplane welding? 

3. How is alignment maintained while welding a repair joint? 

4. In what manner are expansion and contraction provided for in this 
repair joint? . 

Job Unit 16. Brazed Joint—^Part A 

Object: To fasten washer to plate by brazing. This type of joint is com¬ 
mon practice in fastening spacing washers to the,engine mount ring. 
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Equipment; Gas-welding supplies. 

Materials: Tobin bronze filler rod, brazing flux. Steel washers m., 
16-gauge plate by in. 


Procedure 

1. In position to be taken by washer (Fig. 111a) raise the temperature 


to dull-red heat, apply brazing flux 
and apply bronze rod sufficiently to 
tin the surface. 

2. Heat the washer to dull-red 
heat and place in the tinned 
area. 

3. Maintaining the dull-red heat 
of the steel parts, lay a bead of the 
bronze rod around the circumference 
of the washer» producing a concave 
contour to this bead (Fig. 111a). 



1 1 


Fig. Ilia.—Brazed washer on steel. 


. Job Unit 17. Sleeve Joint—Part B 

Object: To braze the insert tube and the mating tube. This joint is 
often used in terminal fittings or in terminal struts. 

Equipment; Same as Part A. 

Materials: One inch chrome-molybdenum with 0.058-in. wall 'thickness 
and 3 in. long, J^-in. chrome-molybdenum-steel tubing 
with 0.058-in- wall thickness, 3 in. long. 

Procedure 

1. Insert %-in. tubing to depth of 1 in. (Fig. 1116). 
Fasten combined tubes in the vertical position. Heat 
the overlapping section of these two tubes to red heat. 

2. Apply brazing flux until the exposed end of the 
sleeve is wetted. 

3. Maintaining the same temperature with neutral 
oxyacetylene flame, fuse bronze rod so as to completely 
fill the intervening space betvreen the tubes (Fig. 1116) 
and finish off concave bead at the projecting surface 
of the 1-in. tube. 

^ ^ , Job Unit 18. Aluminum-sheet Welds—^Part A 

msert tube. 

Object: To become familiar with welding aluminum 
sheet with an oxyhydrogen flame. 

Equipment: Hydrogen tank, tank of oxygen,, regulators, oxyhydrogen 
torch, suitable tips for work in the experiment (see Table XII), hose, goggles, 
and spark lighter. 

Materia]: 16-gauge sheet aluminum, aluminum flux. 
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Procedure 

1. Apply flux on cleaned surface of plate (see Par. 100). 

2. Use aluminum sheets in the piosition of Fig. 112. 

3. Wash off flux as directed in Par. 128. 

4. Flange two pieces, 2 in. wide and 4 in. long, from 16-gauge aluminum, 

as illustrated in Fig. 112. . . 


Aluminum,edge we/d 




Bend up 
edges 


Fig. 112. —Aluminum-plate weld. 


5. Lay the edges with a g^P between the two plates. Support 

the plates on both sides of the seam from underneath wdth ground iron 
plate, at least 3^ hi* thick, 1 in. wide, and 7 in. long. 


Inspection 

1. Examine weld for surface cracks, cold shuts, appearance of head, and 

workmanship. • 

2. Bend one weld lengthwise of the seam to test for fusion and strength 
of weld. 


Discussion 

1. Explain any distortion of the plate. 

2. How would you prepare the seams in the sheet aluminum to reduce 
cracking of the weld and warpage? See Par. 122. 


Job Unit 19. Aluminum-sheet Weld—^Part B 

Procedure 

1. Drdl l l-^-in: hole and roll edge as shown in Fig. 113. 

2. Flange l^-in. aluminum, disk to fit hole (Fig. 113). 



Fig. 113.—Aluminum-sheet weld. 


3. Tack-weld disk at three equally spaced points. 

4. Support on iron plate. 
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5. Clean surfaces to be fused and coat with flux, as directed in Par. 100. 

6. Weld seam with rod by forward welding (Fig. 113). 

7. Cleanse flux from weld as directed in Par. 128. 

Inspection.—Same as for Part A. 

Discussion 

1. How are the expansion and contraction provided for in this joint? 

2. Where will this type of joint be found in airplane construction? 

Job Unit 20. Fishplate Welding 

Object: To weld an insert plate in a slotted tube. These insert plates are 
used for wing hinges and engine-mount 
fastenings. 

Equipment: See general instructions. 

Materials: S. A. E. 1020 steel plate 
of in. thickness and cut to the shape 
of Fig. 114. Mild-steel tube in. in 
diameter, 4 in. long. 

Procedure 

1. Slot tube with J^-in. milling 
cutter to a depth of one and one-half 
times the tube diameter. 

2. Insert plate to full depth of slot 
and upset slotted end of the tube to 
rounded surface (Fig. 114). 

3. Tack-weld both sides of the fish¬ 
plate to the tube at points indicated 
in-Fig. 114. 

4. By backward welding from point end of tube, completely weld one-half 

of the seam, directing the welding flame against the heavw plate in such a way 
that the tube is not burned through. All welds should have a concave 
contour. . 

5. Turn the tube and plate over and weld the opposite half in a similar 
manner. 

6. Turn the tube to the reverse side and complete the remaining half 
of the plate and tube-weld by starting at the tip of the tube. 

7. Again turn the tube over and weld from the point of the tube and finish 
the tube with backward welding. 

8. Cordplete the weld at the edge of the plate and the tube with concave 
bead. 

Discussion. —Outline the steps required to maintain the fishplate in 
alignment with axis of the tube. 

Job Unit 21. Motor amount Bing 

Object: To fabricate motor-moimt ring and fittings for Wright J-5 radial 
engine. This ring is for Boeing 203 engine mount with integral rubber shock 
absorbers similar to Fig. Hoc, 




R=^\V 



1-1 
L ine of fusion 


§2 fhroaf 
size ^ 


Section A“A 

Fig. 114.—Fishplate weld details. 
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Equipment: Oxyacetylene-welding supplies, tube-bending fixture. 
Materials 

1. S. A. E. 1020 steel tubing, 13^ in. in diameter, 0.065-in. wall thickness 
and 66 in. long; 

2. S. A. E. 1020, 3"^-in. steel tubing, 0.065-in. wall thickness, and 1034 in. 
long. 

3. Ten pieces of S. A. E. 1020 steel flat .16-gauge thickness, as shown in 
Fig. 115a.. 

4. S U-straps of 16-gauge S. A. E. 1020 steel, which are bent in the manner 
of Fig. 1156. 



2X= l^’'for short rubber 
mount-4 pieces required 


Fig. 115 o, and 6. XJ—strap fitting. Details for motor—mount ring, eight required. 
Procedure 

1. After heating the 1-in. tube to dull-red heat, bend to perfect circle with 
21 in. diameter at the center line. 

2. Weld 3'2-in. tube to U-strap which has been bent around 134-in. tube 
to form the clip fitting of Fig. 1156. There are eight of these to be finished 
before proceeding to the next operation. 

3. Slip eight clip fittings through the openmg of the mount ring. Com¬ 
plete butt weld in the usual manner by tack-welding in three equidistant 
points and closing the remainder of the butt joint. 

4. Tack-weld, clip fittings at eight equally spaced points on the mount ring 
(Fig. 115c). Weld each side of these clip fittings to mount ring for one-half 
the tube circle (Fig. 1156). 

5. Make the 10 scab fittings as in Fig. 115a.. Tack these in positions 
shown m Fig. Hoc and spaced for the rubber mounting. Completely weld 
each pair of these scab fittings before proceeding to the next pair until each 
pair of the five have been welded in place (Fig. 115a). 

METALLIC-ARC-WELDING JOB UNITS 

The job units which have been outlined for oxyacetylene 
and oxyhydrogen welding are welded with the metalHc arc as 
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the source of heat. Consult Table XII for welding current 
corresponding to the gauge of steel to be welded. 

"When the job unit involx^es the welding of aluminum with the 
electric arc, the general principles in Par. 125 should be used as 
a guide. 



Fig. 115c. —Assembled engme-moimt ring. (^Courtesy of BoeLig School of 

AeronaTjJLics,) 

Review Questions 

1. Wbat happens when the tip size is smaller than specified for a given 
thickness of tubing? 

2. What condition is indicated when the molten puddle bubbles or 
boils? How^ would you stop this boiling? 

3. Explain briefly the steps taken for successful butt welding of a tube 
to a flat plate. 

4. In what way does grain size in the weld differ from that in the base 
metal when the proper heat is used? Why? 

6. (a) Give the procedure for adjusting temperature stresses in a weld 
at a T-joint of a tube weld. (&) Where is the oil hole drilled? Why? 

6. Name two methods of adjusting thermal stresses in arc-welded tubing. 

7. Name several causes of failure in gas-welded tubing. For one of 
these causes of failure state the method to be used in correcting the difficulty. 

8. State the reasons for the use of an excess amount of acetylene in hard^ 
surfacing technique. 

9. What are the characteristics of aluminum under welding heats? 

10. Outline the* method of successfully welding aluminum with the gas 
flame- 

11. Why is a flux used in welding aluminum? Why must the remains of 
this flux be thoroughly removed after welding? 

12. Describe the factors that inliaence the success in the spot welding of 
aluminum? 
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13. Is it possible ia commercial aircraft to make repairs in damaged 
aluminum by the spot-welding method? For what reasons? 

14. WTiat are the advantages of spot-welded stainless steel? 

16. Enumerate the causes of failure in arc-welded steel. State how one 
of these failures can be prevented by welding technique. 

16. By examination of the bead that has been deposited by the electric 
are, how is it possible to determine whether a long, short, or medium arc 
has been used? 

17. ^Tiat are the indications in an arc-weld deposit of excessive welding 
current? 

18. Outline the procedure in gas-welding an aluminum tank. How are 
expansion and contraction adjusted in tank seams? 

19. Show in cross section an appropriate sketch of the penetration, line 
of fusion, and bead reinforcement of the weld deposit. 

20. Indicate the requirements of a sound brazed joint. Outline the 
technique for preparations of materials to be brazed. 

21. WTiat purposes in welded structures do jigs serve? 

22. Name the different kinds of jigs that are used in alignment of aircraft 
parts. 
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CHAPTER IX 


BASIC PRINCIPLES OF THIN-SHEET-METAL 
STRUCTURES 

A study of ^^Handbooks for. Maintenance” of all metal trans¬ 
port airplanes, which are compiled by the manufacturer for main¬ 
tenance stations of the commercial airline operators, shows that 
large proportions of the handbooks are devoted to detailed 
descriptions of the structures and to instructions for the repair 
and upkeep of the structure. In handbooks for the larger air¬ 
planes, many pages of tables are included, setting forth the 
■material of every structural part and the strength characteristic 
of each item of material used. What does this mean to the 
airplane mechanic? It means-that in the repair stations of these 
airlines the shop personnel is expected to maintain the structural 
strength of the airplanes. 

144. Maintaining the Structural Strength.— Maintaining the 
structural strength of an airplane is the most important phase, of 
maintenance. In this respect, the airplane mechanic's job is 
different from the jobs of other mechanics. For example, sheet- 
metal-working experience, as manufacturers and shop foremen 
will tell you, in most cases, is a handicap in aeronautical struc¬ 
tural work rather than .an asset. This is true because it has 
accustomed the mechanic to form sheet metal, scribe the surfaces 
of sheet metals, punch holes for rivets, and head rivets without a 
thought for its structural strength. The sheet-ihetal worker gen¬ 
erally has to ^'unlearn” his trade and start all over again in the' 
airplane mechanic's trade. 

Before a mechanw can make repairs on an airplane structure 
intelligently, it is necessary that he understand the function of the 
various parts of the structure. This is especially true if a major 
repair is to be made. 

It is even more important that the supervisor understands the 
basic principles of the structure. In the type of structure com¬ 
posed of mres, struts, tubes, beams, and fabric, it is immediately 
obvious how the basic stresses—^that is, tendon, compression, 
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torsion or shear, and bending —are carried. For example, the 
wires obviously carry tension; the struts are designed for com¬ 
pression; the tubes for torsion; and the beams and spars for 
bending. 

These facts are not so obvious in the modern, all-metal type of 
structures; and sometimes it is difficult to understand the functions 
of some of the structural parts. 

146- Purpose of the Study. —This chapter is presented for the 
following purposes: 

1. To explain the f undamental principles (which are very simple in nature) 
involved in thin-sheet-metal structures. The student can appreciate the 
term, “thin-sheet-metal structures” when he considers that in the larger 
type airplanes practically no metal thicker than Ife in. is ever used. 



Fig. 116.—Shear in thin sheet changes sheet to a tension field. 

2, To show how these fundamental principles (of item 1) are made use of 
in each of the airplane parts. 

3. To present a summary^ for ready reference, to be used by the mechanic 
in estimating the safe requirements for the repair of ^v part of an airplane. 

146. Basic Stresses. —The stresses which any structure may be 
required to withstand are: 

1. Tension .—This stress tends to stretch the member and thus make it 
longer. 

2. Compression .—This stress tends to compress the member and thus 
make it shorter. In thin-sheet-metal structures the effect of a compressive 
stress is often difficult to analyze, since it involves the stability of the structure. 

Note: Stability means resistance against buckling or wrinkling. 

In thin-sheet-metal structures, members never develop their full com¬ 
pressive strength. Th^y always fail by buckling or wrinkling, at a stress 
very much lower than their compressive zdtimate strength. 

3- Shear .—rThis stress tends to slide one layer of fibbers over the adjacent 
layer. Eivets are always in single or double shear. Thin sheets do not 
transmit shear very well. The shear changes the thin sheet into a tension 
field as shown in Fig. 116. 
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4. Bending .—Bending is a combination of tension,’compression, and shear. 
The tendency to bend is caused by a bending moment, that is, a load applied 
in such a manner that the beam is bent- 

147. Theory of a Monocoque Structure.—Consider a tube of 
small radius tq and excessive wall thicliness Iq (Fig. 117a). The 
tube may be used as a strut, as a torque tube, or as a-beam. Now 
obtain another tube of the same weight, length, and material, the 
radius of which is (see Fig. 117h). The thickness of the wall 
will then be ^o/2. This beam will be four times as strong, either 
as a strut, as a torque tube, or as a beam. The tube, is also four 
times as rigid in torsion and bending. The natural question to 
ask now is: What is the limit of this process of increasing the 




Fig. 117.—Increasing the strength of a tube without increasing its weight. 

diameter and decreasing the wall thickness? • The answ^er is that 
a new element is introduced which limits the process,—the wrin- 
■ kling of the thin metal. 

148. Wrinkling ^ Thin Sheet Metal.—Wrinkling is a form of 
instability^ just as the buckling of a strut is a form of instability 
of the structure. Buckling, however, pertains to the entire meynher 
of the structure, and wrinkling pertains to a local condition. 

A buckle, by increasing the stress locally, may cause the strut 
to fail in wrinkling; and likevdse, a wrinkle may cause the strut 
to buckle. Obviously, the ideal condition in this case is to make 
the strut of equal strength in wrinkling and buckling, which can 
he accomplished quite readily in design .' 

The larger the radius becomes and the thinner the sheet 
becomes, the less will be the load which can be applied without 
wrinkling. 

Figure 116c shows a scheme for keeping the radius of curvature 
of the sheet small to prevent it from wuinkling. The thin sheet 
in Fig. 117c is corrugated. 
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Figure 118 shows a number of variations and extensions of this 
idea of corrugating the sheet metal. In (a) we have the solid 
shell or tube. In (b) a corrugated inner tube is used to prevent 
wrinkling, and a thin outer sheet is used to obtain a smooth 
surface— and as we vill find later, to add strength in torsion 
because a corrugated tube is weak in torsion. The corrugations 
have a tendency to fold up under toy'sional stress. 

Figure 118c shows another extension of the idea of corrugations; 
that is, strength against wrinkling is obtained by using a nest of 
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Monocoque Monocoque Monocoque Seml-monocoque 
(Soitof she!!) fCorrugor+ed) CCellular) (Stringers) 



(ej (f) (g) 

Semi-monocoque Tubular Corrugated 

(Geodebc) longerons longerons 

' (Frame structure) Cl^fome ^ructure) 

Fig. 118-—Structural types. 

very thin-walled, small-radius tubes. This is a cellular structure. 
Figure 118d shows still another variation which is the most com¬ 
monly used. The thin outer sheet and strips of reinforcing metal 
form a mutually supporting unit. These strips are called 
stringers. Figure 125 shows nine types of stringers in common 
use. Our structure at this stage changes its name to semimono- 
coque. Figure llSe show^s a variation of the stringer idea. The 
stringers are placed in double spirals. 

In Figs. 118/ and 118g, the stringer idea is carried to such an 
extreme state that the structure has reverted back to a tubular 
longeron frame. 

149. Illustration of a Monocoque Structure.—The facts given 
in the last few paragraphs may be simply illustrated by rolling 
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a sheet of sti^ paper around circular blocks, as illustrated in 
Fig. 119, and gluing the free edges of the paper and the blocks. 
The blocks are placed in their positions ^o that concentrated loads 
may he applied to the structure at the blocks. These loads would 
wrinkle the paper if the blocks were not there to prevent this 
local failure. 

Figure 120 shows the application of the principal types of 
loading to the structure. Tension is not shown because it is 
not a serious problem in monocoque structures. The thin 
sheet develops its full ultimate strength in tension. The design 

strength for the other three types of 
loading is so low that tension is very 
rarely the determining factor in the 
thickness of the sheet or in its structural 
arrangement. 

A demonstration of the remarkable 
efficiency of a monocoque, structure 
may be arranged as follows: Get a 
small can of pork and beans, or a 
similar can; place it on end; balance 
a board on top, then have several 
students stand on the board. Note 
that the thin wall of the can carries the 
This is a true type of 
monocoque structure. 

Figure 1205 shows the paper monocoque tube carrying a bend¬ 
ing load. Note that the direction of the wrinkles indicates tension 
directed to support the center block (bulkhead). 

Figure 120c shows the tube subjected tp a torsional load such 
as exists in the torque tube of an aileron or elevator. Figure 121 
explains the cause of this particular type of wrinkle. The shear 
force, as noted in (a), has a tendency to divide into two com¬ 
ponents, compression and tension, at 45 deg. to the plane of shear 
and at 90 deg. to each other. It is the compression component 
that collapses the thin sheet, as will be seen by comparing 
Figs. 120c with 1216. 

150. Bulkheads and Reinforcing Rings. —Structures perform¬ 
ing the functions of blocks A, B, and C (Figs. 119 and 120) are 
called hwZMcods. The primary function of a bulkhead is to 
receive concentrated loads and to distribute the concentrated 
loads evenly into the thin walls of the monocoque structure. 



Fig. 119. — Paper roUed around entire load. 
three bulkheads, -4, B, and C. 
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A concentrated load causes a local failure in the thin sheet 
metal; that is, the metal dents or wrinkles under the load. ' 



Compression Bending Torsion 


Fig. 120. Wrinkling of monocoque structure. 



TJib RTT/yno/ry pTBcoALtion to bo ohsoTvod vw vopo/iviT}^ 'yyi07iocoi][U€ 
structures is to avoid coucentrated loads which will cause local 
failures. 

Bulkheads and reinforcijig rings are used mainly for this pur¬ 
pose just as the blocks were used in the paper tubes. We note' 
in tnis connection^ that the following monococjue structures are 
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tubes: ^vings, fuselage, engine nacelles, and control surfaces. If 
the control surfaces are not themselves tubes, they are built 
around tubes. Thus we find bulkheads and reinforcing rings used 
for the following purposes: 

1. Attaching a Fuselage to a Wing. —In this case we have two tubes at 
right angles to each other. Figure 122a shows the method; the wdng tube 




Fig. 122.—-Fuselage-wing connection through bulkheads. 


has bulkheads AA to which are attached fuselage-reinforcing rings BB. 
Figure 1226 shows the arrangement of the wing and fuselage bulkheads for 
a wing passing through the center of the fuselage. 

Each manujaciurer has Ms own variation of the .bulkhead idea. In some 
cases the wung tips are monocoque, and the center section is built on massive 


Engine 
mounfing\ 
ring — ' 



Monococfue or 
sem-/7?ondcoqri/e 
'fcfse/crge orncrce/ie 


Tubufcrr sfeef 
engine mount 

Fig. 123.—Attachment of engine mount to nacelle or fuselage. 


"Bu/khead 
and firewor// 


spars. The spars take the place of the wdng bulkhead in this case. In 
such a structure a neat problem develops in distributing the concentrated 
loads from the spars into the monocoque wing section. 

2. Attaching an Engine Mount to an Engine Nacelle or to a Monocoque 
Fuselage —As noted in Fig. 123, a bulkhead is fitted into the end of the 
nacelle or fuselage, and the fittings are attached to this bulkhead. The skin 
adjacent to the bulkhead is often reinforced for a few’ inches by a thicker 
skin to further distribute the loads and to prevent local failures where the 
stresses may be concentrated. 
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3. Attachment of a Stabilizer or Vertical Fin to the Fuselage, —Figure 124 
shows the fundamental idea used for this connection. The bulkhead as an 
integral part of the fuselage carries the fittings for the empennage-surface 
spars. In some cases the spars are an 
integral part of the bulkhead, as noted 
in the figure. 

4. Attachment of a Monocoque Engine 
Naeelle to a Monocoque Wing. 

5. Attachment of Control Surface Hinges 
to Monocoque Wing. 

151. Rigidity of a Bulkhead or 

Reinforcing Ring.—If, for example, 

the bulkheads in the paper tubes of 

Fig. 120 had been made of sponge 

rubber, their purpose would have 

been defeated. The paper would D 

have been readily dented by the 124 .—Bulkhead for attach- 

... . . f .1 vertical nn to fuselage. 

loading string, so that its strength 

would have been decreased to practically zero. We thus 
conclude: 

Bulkheads and reinjorcing rings should he rigid enough to carry 
the concentrated loads with a minimum of deformation. The true 
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Fig. 125.—Tsrpical stringer sections. 


Hat section 


shape of the monocoque structure must be maintained to develop 
its strength. 

As noted later, this is the principle fact to be observed in the 
repair of a bulkhead or reinforcing ring. 

152. Semimonocoque Structures.—Very seldom is the true 
monocoque structure found in an airplane. This is because the 
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thin sheet metal for large diameters will carry only a small com¬ 
pressive load without wrinkling. Some other- device must 
therefore be used to carry the compressive loads. The idea of 
the corrugated structure gives the clue to another scheme namely, 
to obtain the advantages of corrugating the sheet and yet to 
retain its smooth exterior surface. The scheme is to rivet strips* 
of corrugation or stringers to the inside as. shown in Figs. 118d, 
125 and 137. 

A structure which is composed of a monocoque shell, reinforced 
by stringers, bulkheads, reinforcing rings, formers, and other 



Fig. 126.—Semimonocoque structure. {Courtesy of Glenn L. Martin Com'pany.) 


stiffening members is called a semimonocoque structure. Fig¬ 
ures 118, 126, and 138, show such structures. 

153. Strength of Stringers. —^As noted in the previous para¬ 
graph, stringers are designed to carry the compressive^ load in a 
semimonocoque structure. (In this connection, the students’ 
attention is called to the loads in bending, Par. 160.) Stringers 
also carry tensile loads, but.these loads, in general, are only a 
small fraction of the ultimate tensile strength of the metal. In 
fact, the tensile stress is so easily pro\dded for that practically 
the entire design problem is in stiffening the structure to carry 
compression. 

In a stringer, curved-sheet combination such as is found in the 
fuselage, and sometimes in the wing and in other parts of the 
airplane, it is difBLcult to determine whether the stringers should 
be designed to stiffen the sheet, so that it would be able to carry 
a heavier load, or whether the stringer should be assumed to 
carry the load and the skin to support the stringers. The tend- 
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ency has been toward the latter choice, that is, to make the skin 
as thin as practical and to design ’the stringers to carry the com¬ 
pressive load. 

154. Failure of Stringers.—Figure 127 shows the typical failure 
of stringers. All the failures come under the general class of 
local wrinkling due to an excessive compressive load. 



Fig. 127.—Types of failures of stringers. {CouHesy of U. S- Army Air Corps.) 

In the repair of a stringer, therefore, we conclude at-once that the 
repair should he such as to prevent local wrinkling. (See Job Units 
Nos. 30 and 31 for further discussion and instructions.) 

155. Holes and Slits in Monocoque Structures.—A hole cut 
in the wall of either of the tubes of Fig. 120 T\ill ruin their strength. 
However, by gluing a cardboard rim, cut to fit, around the hole, 
the strength of the tube may be regained. The wider and thicker 
the frame of cardboard, the stronger is the reinforced structure. 

Thtts it becomes apparent that a handhole, window, or door in a 
monocoque structure must he encircled hy a reinforcing structure. 

In some cases it may be necessary to get to the inside of a 
structure where no opening is available to make repairs. If the 
mechanic understands the structural requirements involved, he 
may cut a handhole, and then, after the job is finished, repair the 
handhole with a frame of thicker metal to preserve the monocoque 
structure. To cover the hole, a cover plate may be screw’ed to 
the frame. (See Job Unit No. 41 for details.) 
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If the tube of Fig. 120c were split along an element (parallel 
to the axis)j it would lose its torsional strength. Thus to have 
torsional strength, the- circumference of the cross section of a tube 
must he continuous. If the circumference is not continuous, then 
a bracing structure must be built in across the opening to main¬ 
tain torsional rigidity. 

Thus a monocoque engine nacelle Tvdth the bottom cut out to 
accomodate the retracted w^heel requires special bracing to retain 
its torsional strength. 

It was once considered in monocoque (stressed-skin) wing 
design that ''cutouts’' could not be made to receive gas tanks. 
The logical answer, is to make the gas tank a part of the wing. This 
is now being done in some modern designs. 

156- Shear Loads. —In general, all shear loads in a semimono- 
coque structure are carried by the thin sheet metal. In design, 
the metal is expected to wrinkle some under a load less than half 
of its design load. The wrinkles will disappear when the load is 
removed, if the structure has not been overstressed. A perma¬ 
nent set in a wrinkle should be inspected carefully for signs of 
failure in other parts of the structure. Repairs wdll probably be 
necessary. 

157. Engine Moimt. —A monocoque engine mount has proved 
impractical. This is because parts of the engine should be acces¬ 
sible from the outside. Holes cannot he cut in a monocoque struc¬ 
ture without great reduction in its stn'ength. A welded steel 
structure has proved more practical. In such a structure the 
loads are concentrated along the tubes of the structure. 

158. Cracking of Engine Mount and Nacelle Skin. —A mon¬ 
ocoque structure is extremely rigid, and hence will allow only a 
small movement Tsrhen vibrated by the engine. If the engine is 
held too rigidly, excessive stresses are set up in the nacelle struc¬ 
ture, which will soon cause the skin to crack. To relieve these 
stresses, and to cut down vibration and noises from the engine, the 
engine mount is usually set in rubber, or some other resilient material. 

Since there is some torsional movement in the engine-mount 
structure, the cowling of the engine mount, if clamped too tightly 
to the structure, will tend to carry the load. Hence a high stress 
is introduced, which soon results in cracking of the cowling. 
Allowance should be made in the cowi fastenings for the torsional 
motion of the engine mount. 
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159. Ftmdamental Parts of a Wing Beam. —In order that we 
may later understand the repair of beams, it is necessary to learn 
the principal parts of a beam, and requirements of those parts in 
assisting to carry the loads. 

The function of a beam is to carry a bending load. Let us 
begin with the most elementary case and proceed in our study to 
the most complicated cases of \\ing beams. 

160, Bending. —Bending is a combination of tension, com¬ 
pression, and shear. For example, refer to Fig. 128. In (a) the 



Longjfudincrl shear fn 
web 


(d) 

Fig. 128.—Forces resisting the bending of a beam. 

load W causes the beam to bend. The bending tendency is 
called the bending moment. In this case the bending moment at 
B is W times x. If W is in pounds and x is in inches, the bending 
moment at B is Wx Ib.-in. For example, if W is 100 lb. and 
X = L 4:0 in., the bending moment is 100 X 40 = 4,000 lb.-in. 

Now if the beam is cut across at A as in (b), the supports A, B, 
and C must be supplied to hold the beam in place. If we repre¬ 
sent these forces by arrows, called vectors, we have what is called 
a “free-body diagram,” as showm in (c). In this diagram, Fa 
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is the compressive force, Fb is the tensile force, and Fc is the shear 
force. 

161. Parts of a Beam.—As noted in Fig. 128c, the portions of 
the beam which carry the tensile and compressive stresses are 
called flanges, and the portion which carries the shear stress is 
called the web. The line N.A. is the dividing line between the 
tensile and compressive stresses. • It is called the neutral axis. 

This neutral axis of a beam can be very easily located, by theo¬ 
retical calculations, but the following simple method requires no 
skill and is, in general, just as accurate: 

1. Take the dimensions of the beam, such as width and depth of flanges, 
width and depth of-web. 

2. Lay these dimensions out on a stiff cardboard—the cross section of 
the beam. 

3. Cut the cross section out of the cardboard. 

4. The center of gravity of this cardboard is the neutral axis of the cross 
section. 

5. If the card is balanced on a pencil, the line of contact with the pencil, 
is the location of the neutral axis. 


The shear along the neutral axis is a maximum (see Fig. 1286). 
If the web is thick, it carries some of the compressive and tonadn 
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Fig. 129-—Parts of a trussed wing spar. 


stresses, but in thin-sheet-metal structures the web is quite thin 
and actually carries very little tensile stress, and no compressive 
stress. It is generally assumed to carry only shear. The total 
horizontal shear in this case is = Fa). We note also that the 
bending around the point A is WL, which is balanced by Fsa. If 
we assume that a is 5 in., we have, if A = 40, and W = 100, the 
equation 5Fb = 40 X 100, or Fb = 800 lb. If the thickness of 
the web is 0.1 in., the shear area is 40 X 0.1 = 4 sq. in. The 
average shear per square inch is 800 ^ 4 = 200 lb. per square 
inch. 

162. Trussed Beam. —In trussed beams (see Fig. 129) the 
flanges are called chord members. The functions of the web are 
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performed by vertical web members and diagonal web members. 
In Fig. 129, the diagonal members are in compression and the 
vertical members are in tension. If the loading were reversed, 
•the diagonal members would be in tension and the vertical mem¬ 
bers would be in compression. Since a wing beam is subjected 
to both up and down loads, all parts are designed for both tension 
and compression. 

163. Gusset Plates.—A gusset plate is a plate of metal inserted 
in the joints of a truss to provide sufficient area for riveting the 
members at their intersection. 

Figure 130 shows a gusset plate 
used to connect the chord, diag¬ 
onal and vertical members of a 
trussed beam. The loads im¬ 
posed on the plate are obviously 
those provided by the intersect¬ 
ing members. The rivets must 
possess sufficient strength to carry the loads imposed by the 
members. 

164. Beams with Thin Webs.—^Beams with thin webs are gen¬ 
erally used in stressed-skin wings. Figure 131 shows such a 


• 



Fig. 131. — Beam with thin web. {Courtesy of GlenriL. Martin Company.') 


beam. As will,be noted later, vertical web members, as shown in 
this figure, are a necessary part of a thin Tveb. 

Figure 132 shows the disposition of the forces in a thin web. 
The web of course, as we have noted previously, carries the 
longitvdinal shear betw^een the tension and compression flanges of 
the beam. AB in (&) show a vector of this shear acting on a 
unit area of the web, as shown in (a). Shear, however, has two 
components, tension AC and compression CB. This is indicated 
in (a) and in (&). . 

The thin sheet, how^ever, wrinkles under the effect of compres¬ 
sion, as noted in Fig. 133. The beam in this figure is supported 
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at the ends and the load is applied at the center. The web shear 
on. one side of the load is opposite to the web-shear load on the 
other side. 



Fig. 132.—Stresses in a thin web. 



Fig. 134.—Bending of flanges in a thin-web beam. 

Since the compression component of shear in Fig. 1326 offers 
little resistance, the tension component must carry the shear. This 
is indicated by AD, 
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165. Webs Assumed to Wrinkle. — A thin will wrinkle 
under a light load, but when the load is removed, the wrinkle 
will disappear. It is assumed in the design, that the webs will 
vTtinkle under load; and they are designed on that basis. A beam 
of this kind is quite strong, but a slight deterioration in the web 
very rapidly saps its strength. The constant '^’Tinkling as the 



Fig. 135.—Static-testing a section of a 55-ft. ■wing beam. Note tension tines and 
buckling of vertical members. {Courtesy of U. S. Army Corps.) 


wing passes through “bumpy” air introduces fatigue stresses 
in the thin plate; this is extremely bad. Also unless the beam is 
well designed, the tension of the web tends to pull the flanges 
together between the vertical web members, as shown in Fig. 134. 
The binding of the flanges relieves the stress on the rivets between 
the vertical web members; and, since a total shear must be 
resisted, the rivets at the intersection of the vertical member and 
the flange carry the greater part of the load. This is indicated 
by the length of the arrows in Fig. 134. 
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and strong structure, and one easily repaired. (See Job Unit 37 
for repairing details.) 

.167- Box Beams (see Fig. 137).—box beam has two webs, 
A and B, which together with the flanges form a box. In such 
a beam, the vertical members are generally bulkheads on the 
inside of the beam. In many of the modern all-metal monoplane 
mngs, the entire wing, excluding the leading, and trailing edges 
is the box beam (see also Fig. 138). In such a wing the flanges 
are the upper and lower surfaces of the wing.- The two webs of 



Fig. 138.—Box wing beam with corrugated flanges and thin webs. {Courtesy of 
the Cflenn L. Martin Company.') 

the box beam assume the usual, position of the wing spars. They 
are not spars, however, and they do not assume the same function 
as spars. 

Since the flanges of this type of wing beam (sometimes called 
a shell-type wing, or stressed-skin wing) must carry a heavy 
compressive load, some provision must be made to prevent the 
thin sheets from w'rinkling or buckling. The ribs of the wing — 
which in this type of structure are the bulkheads—afford bracing 
of the flanges against buckling to some extent, by making the 
equivalent strut length shorter. To prevent wrinkling, the metal 
is sometimes corrugated. If the metal is left smooth, then longi¬ 
tudinal stringers of some type must be inserted to carry the 
compressive load, (See, for example. Fig. 139.) 
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168. Stiffness of a Box Wing.—The box or shell type of wing 
has great torsional stiffness. In this respect it is a tube. It will 
he noted that a large-diameter tube is quite stiff in torsion. Stiff¬ 
ness is not strength, however. A 
paper tube is quite stiff, but has 
little strength. Stiffness is impor¬ 
tant to a wing to prevent wing 
flutter at the high speeds of modern 
airplanes. 

169. Multispar Monoplane 
Wings.—All modern monoplane all- 
metal wings are 'not box wings. 
Some metal wings are built on 
sparSj which run the length of the 
wing. Ribs transmit the load from 
the metal skin to the spars. The 
skin of such a wdng, however, is 
generally stressed, as it carries the 
shear stress for the chord load, that 
is, the load parallel to the chord. 
Fig. 139. Stringers m a wing tip. load the spars act as flanges 

for the wing as a box beam, and the skin acts as the webs. The 
skin also gives the wing great torsional stiffness. 

170. Single-spar Wing.—Some of the modern all-metal wdngs 
have only one spar. This type is called a monospar wing. Such 


Spar 


" ^'-A/ose torsion tube 
Fig. 140.—Monospar wing section. 

a wing can be made equally as strong as a 'multispar wing. To 
give the wdng the proper torsional rigidity and strength, the nose 
section together with the spar are made to constitute a large 
tube (see Fig. 140). We have previously seen that a thin-walled 
tubular section such as this has great rigidity; and the required 
strength may be designed into the structure. The trailiTig edge 
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of such a wing may he of fabric for lightness since it does not help 
support the wing. The only strength required is the rib strength 
to carry the trailing-edge load to the spar. 

171. Wing Connection,—A wing connection such as the con¬ 
nection between a wing-tip section and a center section pro\ades 
for the transmission of the tensile and compressive stresses in 
the flanges and for the transmission of the shear stress in the web. 
If the wing is built on trussed spars, the connection simply con¬ 
sists of fittings at the ends of the chord members which will 
transmit the load in the chord members. The truss of the center 
section and also the truss of the tip section will have a vertical- 
web member at the joint. Thus two weh members vdll be func¬ 
tioning side by side at the joint. 

In a box-type, stressed-skin wing, it is also necessary to make 
the connection in such a-way that the thin skin will not wrinkle 
at the connection. A very small uneveness in the fitting may throw 
a heavy concentrated stress in the thin sheet, unless this is amply 
provided for. 

A stiffener or bulkhead, ring serves the purpose of distributing 
the stress smoothly into the skin. The skin also is generally 
reinforced for a few inches from the fitting to prevent local wrin¬ 
kling and further to distribute the stress. 

If the box-wdng flanges have stringers to carry the compressive 
load, the stringers may terminate in a rigid bulkhead ring at the 
joint ends of the two sections. This ring evens the loading in 
the stringers, and provides for a joint connection. Some vings 
do not have this ring but make the connection by an indi\ddual 
fitting on each stringer. This type of connection, of course, 
makes the stringer continuous. The fittings in this case must 
be ground to fit. A high spot of 0.01 in. or less wiU throw an 
unduly high stress in the stringer affected. 

A heavy reinforcement at each of the free ends of the web at 
the joint vdll provide for the shear stress in the web. Across 
this joint, then, the shear T^dll be transmitted through the flange 
connections. Also a plate may be used to connect the free ends 
of the webs. In this type of connection the shear in the web is 
transmitted through the plate as though it were a part of the web. 

172- Bending of a Semimonocoque Fuselage.—The semi- 
monocoque fuselage is a tube. When such a tube is bent, all the 
elements of a beam are manifested. In the upper and lower 
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stringers, 'wdth reference to the bending load, the stress is tension 
and co7npression. The sides of the tube perform the function of 
the web of a beam, and carry the shear load. The reinforcing 
rings hold the fuselage in its true shape and support the stringers. 

When the fuselage is bent sideways, as in turning, by a rudder 
load, the sides of the fuselage become the flanges of the beam, 
and the top and bottom of the fuselage perform the functions 
of the web of a beam and carry the shear. Under this type of 
loading, the door of the fuselage cuts the flange portion of the 
beam entirely across. However, the structure around the door 
is designed to carry this load, and to transmit it around the top 
and bottom of the door. (See Par. 155 for principle involved.) 

The windows are treated in the same manner as the doors, so 
that the stress is transmitted around them through the window 
frame. 

173. Flexibility of a Structure.— All structures have some degree 
of flexibility. An airplane structure, when the airplane is in 
motion, is subject to constant distortional movements. The 
wings bend in varying degrees, as they pass through ''bumps'' 
of air, and as the ailerons perform their functional duty. The 
empennage twists and bends the fuselage. The engine ^brates 
the nacelle and the wings. In general, however, these motions 
cannot be detected by the eye. What does all this mean to the 
mechanic? Simply this: Rivets are working loose^ cracks in the 
metals are developing, and undue loads are being thrown upon light 
members. Let us consider an example of this last statement: 
When a wing bends, high stresses are thrown into the flanges of 
the spars, or in the flange portion of the box wing.. According to 
Young's law of elasticity, the strain is proportional to the stress. 
It is apparent, therefore, that the wing skin over the flange portions 
of the wing beams, since it is subject to the same strain as the flange, 
has the same stress'. When this stress is still quite low, the skin 
will begin to wrinkle. Apparently the wing is about to fail, but 
practically it may not be developing a tenth of its strength. 

In some light structures on an airplane, not designed to carry 
stress, provision is made for relie\dng the stress by the use of 
sliding joints, or slits or gaps in the structure, to absorb the move¬ 
ment of the main structure. 

If a light portign of a structure seems to be cracking unduly, it is 
probably carrying a load which it is not intended to carry. 
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174. Buckling of Compressive Members .—As noted in Par. 146, 
compressive members may fail by wrinkling locally or by buck¬ 
ling. Buckling is the bending of the entire member, as shown in 
Fig. 141. Because of the type of failures in each, struts (com¬ 
pressive members) are classified as long struts and short struts. 

. A long strut is one which is so long and slender that it will buckle 
under a load which is so low that the material will not cricsh or 
wrinkle locally. Its strength does not . 

depend upon the strength of the | ^ 

material hut rather on how stiff the 
■material is; that is, it depends upon 
the modulus of elasticity of the 
material of the strut. 

A short strut is one which is so 
short that it will not buckle except 
as a result of wrinkling the material 
locally. 

It will be noted, therefore, that 
in the repair of struts the mechanic 
must give attention to both buckling, 
and local wrinkling. It is not necessary to know the dividing line 
between long struts and short struts as the repair of the two types 
require about the same treatment. 

In determining the nature of the repair job, the following out¬ 
line of how to make a strut strong mil prove of value: 




<a> 

Fig. 141.- 



Cb) 

“Buckling of strut-s. 


1. The strength of a strut is inversely proportional to the square of its 
length. For example, if a sirut is braced to a rigid frame at the middle of 
the stmt', the effective length is cut in half. The strength, therefore, is 
increased four times. 

2. The strength of a strut is increased by fixing the ends rigidly. For 
example, as noted in Fig. 1416, fixing the ends, is equivalent to cutting the 
length in half. The fact that the end of a stmt is welded or riveted to gusset 
plates does not imply that the end is fixed, because the entire stmcture at 
the joint may move to allow the stmt to bend. See for example Fig. 142; 
In this tmss, the chord member and vertical web members of the tmss assist 
each other in buckling. In general, if the ends of a stmt are fixed, it may be 
safely assumed that the stmt is doubled in strength. 

3 . The strength of a strut is proportional to the modulus of elasticity of the 
■material. For example, for similar stmts, duralumin and steel, the steel 
stmt is three times the strength of the duralumin stmt. (See Table II for 
the moduli of elasticity.) 

Note; The steel stmt is also three times as heavy as the duralumin stmt. 





210 


AIRPLANE MAINTENANCE 


[Chap, IX 


4. The area of cross section of the strut should be spread out as much as 
■possible. For example, consider two tubes A and B of the same weight. 
Assume that the diameter of B is twice the diameter of A. Tube B is then 
four times as strong as tube A if the wall does not wrinkle. 

5. There should be no free edges in the cross section of the strut. For example, 
if a tube used as a strut is split, there are two free edges in the cross section. 
This greatly weakens the'strut as the free edges will wrinkle easily. A 
channel section is not a good stmt for this reason. 

6. The actual design stress in a strut is assumed to be not greater than the 
elastic limit of the material. Thus for duralumin of ultimate strength of 
about 60,000 lb. per square inch and elastic limit of 40,000 lb. per square 
inch, the upper limit of the load which the strut is expected to carry may be 


Bocklinq in compression chord mem I:>er 

Compression 



Fig, 142.—Buckling of fixed-end struts. 

computed by multiplying 40,000 by the cross-sectional area of'the strut in 
square inches. 

Review Questions 

1- Name and define the basic, stresses in a structure. 

2 . For what purposes are bulkheads used in monocoque structures? 

3 - Why is the rigidity of a bulkhead important? 

4 . Explain the reason for using corrugated sheet in a monocoque 
structure. 

6. Draw sketches of ten types of stringers, and discuss the advantage and 
disadvantage of each type. 

6. Explain the fundamental principles involved in attaching a wing to 
a fuselage. 

7 . Name-the parts of a wing beam, and explain the function of each 
part-. 

8 . Name the-parts of a trussed wing beam. 

9 . Name the parts of a semimonocoque structure. 

10. Name the factors affecting the strength of a strut, and discuss the 
effect of each factor on the strength of the stmt. 
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Questions for-Thought and Study of References 

1. What stresses must be provided for in a wing joint? 

2. Describe the wing joints of the following airplanes with reference to 
the transmission of the flange stresses and the web stresses: Lockheed 
Lodestar, Douglas DC3, Boeing 247, Martin Bomber. 

3 . Describe the fuselage structure of the airplanes mentioned in question 2. 

4 . Describe the wing structure of the airplanes mentioned in question 2i 

6. Describe the construction around a door of a semimonocoque fuselage 

for the transmission of stresses around the door. 



CHAPTER. X 

FORMING THIN SHEET METALS FOR REPAIRS 

Before studying this chapter, the student should study Par. 12, 
Sheet-metal Shop, which describes the equipment and the care 
of the equipment of a sheet-metal shop. 

176. Grinding and Filing.^The aluminum alloys are seldom 
ground. Attempts to grind with the ordinarily used wheels 
merely clog the wheel, and burning of other metals will result 
■when attempting to grind them. 

A carborundum 3035 will grind duralumin nicely. This is.a 
soft wheel that seems to clear itself w^elL For most work, hand 
filing is sufficient and has the advantage that there is less likeli¬ 
hood of lea'vdng scratches or nicks. 

176. Metal Forming.—There are many ways of forming 
metal into the complex shapes common to airplane construction. 
Sheets are rolled; angles, tubes, and other sections of the alumi¬ 
num alloys are made by a process knowm as extruding; fittings and 
sometimes quite complex parts of considerable size are die forged. 
Other parts are formed in dies by a drop hammer or by large 
hydrauhc presses. A great deal of ingenuity has gone into the 
development of manufacturing'processes for the many parts 
that are needed. As this w^ork is primarily intended for mainte¬ 
nance and repair, the above methods are not suitable on account 
of the excessive^ complex equipment required. Almost any 
forming, except forgings, can be done by simpler means, notably 
hand bumping. 

Definition.—Bumping is the art of forming sheet metal into 
surfaces that are of complex curvature; that is, surfaces that 
include no straight lines or only straight lines that are relatively 
short. 

Explanation.— metal can be curved in one direction with¬ 
out difficulty, but all such surfaces will include a series of straight 
lines that may be parallel, or may intersect at one or many points. 

Bumping can be done either by hand or by machine. 

• 212 
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177. Hand Bumping and Hand-bumping Tools.—In hand 
bumpingj the metals are formed to the prescribed shape against 
dies or against jdelding (such as sand bags) or nomdelding bodies 
by the application of many blows wdth hammers or other striking 
tools. 

Striking tools are made of many materials, particularly of 
aluminum and its alloys. 

Hammers are made of steel, wood, fiber, rubber, horn, rawhide, 
bakelite, and ether materials. They are made in many shapes 



Fig. 143.—Bumping and dinging hammers: 1. Small soft-rubber mallet. 
2. Large soft-rubber mallet. 3. Small rawhide mallet. 4. Large rawhide 
mallet. 5. Maple mallet. 6. Red-fiber mallet. 7. Small red-fiber mallet 
(may be made of Pyralin). 8 to 10. Steel hand dolly blocks. (No. 10 can be 
used with handle.) 11 to 19. Steel dinging hammers of various shapes. {Court¬ 
esy of Boeing School of Aeronautics.) 

and styles. Choice of material is largely a matter of taste (see 
Figs. 143, 144, and 145). 

^ Mallets are made of soft (California) fiber or hard (red) fiber 
wood, or of rawhide. They are used for both hea^w roughing 
and finishing. The shape of the striking face will depend upon 
the type of work. The finishing mallets will usualh^ be kept nicely 
polished to prevent marring (see Fig. 143). 

For some roughing work a hlackjach is used. This tool is made 
of a long slender heaw leather bag filled with lead shot. It 
makes an excellent tool quickly to form the shapes wanted, par¬ 
ticularly when used with some type of die (see Figs. 146 and 147). 

Dinging hammers are used only for local work. They can be 
of almost any shape, size, and type. Most of them are double- 
ended and the head and face are shaped to force the metal into 
tight places (see Fig. 144). 
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Sinoothmg hammers have large flat or relatively flat striking 
faces and are used for the final finishing of the bumped woik. 




Fig“ 144 —I to 3. Steel hand dolly blocks. (No. 2 may be used on a handle.) 
4 to 12. Assorted steel dinging hammers. (^Courtesy of Boezng School of Aero^ 


Fig 145 .— Special bumping tools; 1. Maple club for special flanging. 2 
Another maple club for special flanging. 3. Large rubber mallet. 4. SmaU 
rubber mallet. 5. Maple maUet. 6. Small fiber hammer (may be py^hn). 
7. Large fiber hammer. 8 and 9. Rawhide maUets. ^Courtesy of Boezng School 
of Aeronautics.) 

Sandbags for humming are usually made of heavy canvas soaked 
in hot paraffin to close the .pores and to lubricate the surface. 
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They can also be made of leather. They are usually about 18 in. 
square and 4 to 6 in. thick, and weigh about 50 to 60 lb. The^^ 
may be larger or smaller than this. 

Small parts are often bumped using the sandbags mth mallets 
and hammers as the only tools. 

A blacksmith’s swage plate and several stakes and dollies will 
prove handy in wrorking small parts. 

Stakes are.used for simple work. In the airplane shop, stakes 
are much simpler in form and much less used than in the ordinary 
tin shop. 



Fig. 146. —^Left: Wooden form for bumping stabilizer fuselage fairing. Note 
leather blackjack on wooden form. Right: Concrete mold for bumping rudder 
boot. (^Courtesy of Boeing School of Aeronautics.) 


178. Bumping Dies.—Dies for hand bumping can be made in 
many ways and of several materials. Generally speaking, most 
dies are female but often male dies are most useful. It is often 
convenient to make a mold by casting a concrete block against a 
wooden pattern shaped to the form and size desired (see Figs. 146 
and 147). After the concrete sets, it is lined with billiard felt 
and shellacked in place. The concrete should be made up of a 
rich mixture (2 to 1) of clean sharp sand and cement mixed suffi¬ 
ciently wet to allcw most of the bubbles and voids to wrork out 
from the face of the pattern. If there are sharp radii or deep 
draws, the concrete should be reinforced around them with steel 









Fig. 147.—jumping in concrete .mold, using rawhide mallet. -Note leather 
blackjack on metal at right. (Co^irtesy of Boeing School of Aeronautics.) 



Fig. 148.— ATnmimi m fairing for fuselage fin shaped on wooden form. (^Courtesy 
of Boeing School of Aeronautics.) 
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wire or rods. The concrete should age for at least a -week before 
bimiping against it. 

In lining the concrete mold with felt, the material should be 
thoroughly wet and then formed over the wooden pattern. Tack 
it around the edges and allow it to dry thoroughly. It will then 
be found to fit the depression in the concrete block without 
vrrinkles, and it can be shellacked into place. The shellac 
should be applied to the concrete. Apply one coat, allow it to 



in final fitting. {Courtesy of Boeing School of Aeronautics.) 


dry, and then sand it. Apply another coat, and while wet put 
the felt into place. 

Dies may also he made of wood. Any hard wood may be used. 
The wood must be physically hard but not necessarily hard by 
classification. Maple makes the best die, but it is expensive. 
Douglas fir is an excellent material. It is hard but is classed as 
a soft wood (conifer). (See Tigs, 146j 148, and 149.) 

In making 'Wooden dies, boards, finished to about 2 in. thick¬ 
ness, are cut in sufficient number and size and glued together to 
obtain the volume required. The general form of the die can 
be closely cut on the band saw. The die is then shaped Wdth 
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gouges^ chisels, and planes to the exact form. After smoothing, 
the wood should be shellacked with four or five coats. Each coat 
should be sandpapered when it is dry. 

179. Process in Hand Bumping.—After the metal part is 
‘‘hand-roughed” approximately to shape, the part can then best 
be smoothed in a light-pow’er bumping hammer. Very light 
blows (but many of them) will smooth out the wrinkles and wdll 



Fig. 150.—Use of heavy press with maple dies for forming thin-sheet-metal parts. 
{Courtesy of Boeing Aircraft Company.) 

not change the shape of the part too much. ‘The part must be 
fit to the die frequently to check the size and shape of the part. 

In humping^ many light blows are bestj as too heavy a blow thins 
the material locally. In' finishing, very fight blows with fight 
hammers are best. 

When using the powrer hammer, lard oil is used on both sides 
of the material to prevent local seizing to the hammer or anvil. 
The hammer and anvil must be rounded off around the circum¬ 
ference, lea%dng a flat portion about the size of a quarter or a 
nickel. The surfaces must be highly polished. 
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180. Power Bumping.—Power bumping can be done by a 
power hammer. It requires, however, a much greater skill than 
does hand bumping. Skeleton moulds, or forms, can be used in 
power bumping, but the operator must be thoroughly skilled in 
their use in order to control the work. For this reason most 
power bumping is done bj" other means, as detailed below. 

Hydraulic presses are used for production humping in most air¬ 
plane factories. The work is done in two general ways, either by 



Fig. 151.-^Drop hammer forming metal sheets. {Courtesy of Ryan School of 

Aeronautics.) 

using male and female matched wooden or metal dies (Fig. 150), 
or by using a male die vdth a hea^w^ rubber blanket on the platen 
to force the metal to the die, as shovm in Fig. 150. Care must 
he taken to insure that there is sufficient displacement of the rubber 
to insure sufficient pressure and conformity. Large spaces on the 
platen must be filled in with blocks of wood or other material. 
These blocks may be dies for small parts, which parts may be 
made at the same time the large part is pressed out. 

The rubber method is most suitable for shallow draws. The 
matched-die method vi.ll do for relatively deep draws. 
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Where many parts must he made or where exact conformity is 
necessaryj the drop hammer is frequently used (see Fig. 151). 
Essentially, the drop hammer operates like a gravity pile driver. 
This type of hammer is raised by a rope and allowed to di’op 
freely on the die. 

Figure 152 shows how corrugations may be easily formed in 
flat sheet in a hand press or hydraulic press. 



Sheef 

/meiar/ 


^^'tSheefpressed 
on fo mo/d 


In place • 


Load applied 
Fig. 152. 


181. Dies for Power Bumping, and Forming on the Drop 
Hammer. —Male and female dies are made as follows (the female 
die is usually placed on the anvil): 

The part to be made ih the die is modeled in dental casting 
plaster. A zinc block is cast against this plaster model. For 
limited production the zinc block will be placed on the anvil and 
leaded in place,, holes being left in the amdl to key it. The ham¬ 
mer is then fitted with keying bolts and a form is built up around 
the zinc die. Melted lead is then poured into the zinc die, the 
hammer is low-ered onto the lead, and the lead allowed to harden 
around the keying bolts. 

When cool, the dies mtist be slightly relieved by hand to clear 
the part to be made. . ' • 

Deep draws are made by using collars of varying thickness to 
limit the depth of the blow and to make the draw in several steps. 

When the drop hammer is used for heavy production, the lead 
vnU be cast against the zinc die before it is mounted, and it will 
be located by bolting the lead die to the hammer; then the zinc 
die is leaded to the amdl. 

The drop hammer (Fig. 151) is a process for the factory only, 
as but few' if any repair shops wdll find sufficient need for it to 
w^arrant its installation. 

182. Aluminum Alloys Used in Bumping. —The following out¬ 
line shows the uses of aluminum alloys where bumping is required: 
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1. Alloys 2S and 3S for cowlings, fairings, and other nonstructnral parts. 

2. Alloy 2S for parts to be w.elded; it welds well. 

3. Alloy 3S is much stronger than alloy 2S, so it would ordinarily be the 
preferred material. 

4. For hand bumping, alloys 2S0 or 3S0 (dead soft) are used. \\Tien 
deep draws are made, it will be necessary to anneal the metal two or three 
times during the process. 

5. Alloy 17S bumps the best of the structural materials; it does not warp 
as much in heat treating as other alloys.- It must be annealed at 650“F. 
(carefully controlled), and then air-cooled. 

6- Alloy 24S is more brittle, work-hardens more rapidly, but anneals the 
same as alloy 17S. As 24S is stronger than 17S, it must be used at times. 

7. Alloy 52S is an alloy that does not need heat treatment but is lower in 
strength than 17S. It bumps better than 17S, but work-hardens nearly 
as much. • ^ 

183. Bumping Structural Parts.—Bumping is but seldom used 
for structural parts. One reason for this is that it is necessary- 
to heat-treat the strong aluminimi alloy^s after such working, and 
then to bring them into conformity -v^ith the die before age-hard¬ 
ening takes place. This can be readily done by- the press or drop 

• hammer, but it is rather difficult to do by- hand. Another reason 
is that bumped parts are not efficient structurally^, as a curved 
surface is weak in compression. 

184. Annealing Bumped Metal.—^Annealing can be done very 
readily^ by using an oxy-acetydene torch with acetyiene only-. 
Thoroughly^ soot the surface of the material, then neutralize the 
flame, and just burn off the soot Great care must be taken not 
to overheat the metal in the process, or damage will result. 

Biirning off the soot- gives the correct temperatures. The 
metal should then be allow-ed to cool in air. 

In press and drop-hammer work it is usually- not necessary^ to 
anneal the metal. ' 

185. Bending Sheet Metal.—Bend blocks are made up of metal 
or of maple. They- must be guided in place with steel dow-el pins 
to insure conformity. Small blocks are used in the \ise, but the 
larger blocks require a hy’drauiic press. 

Extruded sections work w-eU in the bend blocks, but rolled or 
drawn sections mayr also be formed in them. It is excellent 
practice to make up suitable bend blocks for every- minor forming 
operation, just as it is best to make dies for burnping. In fact, 
the processes of forming and bumping are quite similar. 
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Review Questions 

1. Make a list of the equipment required in a sheet-metal shop. 

2. Wxy is grinding of aluminum alloys dijflScult? 

3. 'V^Tiat is meant by ‘‘metal bumping’'? 

4 . Explain how a bumping die can be made of cement. ■ 

5 . Explain the process in hand bumping. 

6. Explain how a die for power bumping is made. 

7. How are rubber pads used in forming thin sheet metals? 

8. "RTiat aluminum alloys .are most suitable for bumping and why? 

9. '^Tiy is bumping not used for structural parts? 

10. Explain how to anneal bumped aluminum alloys. 
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Question for Thought and Study of References 

1. Describe a squaring shear and its use. 

2. Describe the use and operation of beading roUs. 

, 3 . How is a bend block used in forming thin sheets of metal? 

4 . VTiat aluminum alloys are best for forming cowlings? 

6. Why is bumping not used in forming structural parts? 

6. Describe the process of metal spinning. 

7. Name some airplane parts formed by spinning. 

8. What is annealing? 

9. Why should fairing which requires excessive forming be made of 
' aluminum? 



CHAPTER XI 

RIVETS AND RIVETING 


In the repair of aluminum-alloy structures, riveting is an essen¬ 
tial requirement. Let us bear in mind, however, that the usual 
sheet-metal riveting, while it may be good, is not good enough 
for aircraft riveting. Riveting in aircraft structures is done with 
strength as the primary requirement. 

186. Types of Riveted. Joints. —The principal types are: 

1. Lap joint, Fig. 153a. 

2. Butt joint, Fig. 1535. 



a 



Fig, 153.—Kinds of riveted joints. 


Either of these types of joints'may have one, two, or more rows 
of rivets. 

The center-to-center distance between the rivets in a row is 
called the 'pitch. 

If tvro rows of rivets are used, the rivets are usually staggered: 
that is, the rivets in the rear row are not placed directly behind 
those in the front row but are placed halfw'ay between those of 
the front row. 

187. Types of Rivets.— Figure 154 shows the usual types of 
rivets. They are: 

1. Buttonhead .—This is used in thick sheets where strength is required. 

2. Roundhead .—Used same as (1), but the head covers more area, making 
it more adaptable to thin sheets. 
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3. Mushroom Head .—Used same as (2), in the air stream, since it offers 
less resistance. 

4. Brazier Head .—^Used in air stream and for thin sheets. 

o. Flathead .—Used for inside riveting where a flathead is required. 

6. Cou 7 ztermnk .—Used for riveting wherever the finished job must be 

smooth and flush. * 

7. Oval Countersunk Head .—Used as .(1), where a larger head area is* 

necessary. . . 

8. Tubular Shank .—Used for special riveting jobs. See also Thomson 

rivets in Par. 188. , - 

Four types of rivets are used for 90 per cent of all the aero¬ 
nautical work, roundhead, brazier head, flathead, and counter¬ 
sunk or flush. The brazier head and countersunk are used 
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Fig. 154.—Types of rivets. 
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on the outside exposed surfaces, the latter being overwhelmingly 
used on about the front thii'd of the wings, fuselages, and tail 
surfaces, but many designs are flush-riveted all over. 

Rivets are made of as many alloys as are the sheets and • 
extrusions, to be fastened. Actually^’ only four alloys are used 
for practically all applications. • Two of these, A17S and 2S, 
need no heat treatment follow^ed by cold storage (to delay?- 
hardening). 24S and 17S are used for the high-strength parts 
that must be heat-treated to the maxinium strength. 

It is relativeR simple to tell the various alloy rivets apart. 
The two nonheat-treated rivets, 2S and A17S (the first sometimes 
called a so/t rivet and the latter an A rivet) have a plain and a 
cfimpled head, respectively. The heat-treatable rivets, 17S and 
24S, have a raised dot on the former and twro raised dashes 
on the head of the' latter. After driving, the ‘dimple is still 
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apparent in the K rivet and usually the dot and dashes are still 
visible in the ITS and 24S rivets, but not always. 

Countersunk or Flush Riveting. —As mentioned elsewhere, most 
modern airplanes are dush-riveted over the front third of all 
outside surfaces. This is done because even small irregularities 
near the entering or leading part of a body increase the drag 
of that bod^^ to a marked degree by the increased turbulence 
they cause. Back of the forward part, small irregularities are 
of less moment, for they vill then be vdthin a layer of turbulent 
air whose thickness increases the farther the air travels over the 
body. Even so, however, there is something,to be gained by 
using flush rivets throughout, and some airplanes are thus built. 

Flush rivets represent a problem in repair. It is not good 
practice to replace them with rivets of other types. Flush 
rivets, ■ ordinarily, have two types ‘of head, 78 and 100 deg., the 
former for the thicker plates. The trick in flush riveting is in 
forming the coimtersink or dimple for the cone-shaped head. 
If the cover sheet is thick enough, this is pimply done by counter- 
boring the rivet hole to the proper depth with a properly shaped 
counterbore bit, guarded so as not to cut too deeply. 

• More commonly, however, the cover sheet* and often the 
stiflener, undersheet, or other part being riveted vill be too thin.. 
Sometimes, use of the 100 deg. head will help, as the depth* of 
counterbore is less for this type. Ordinarily it will be necessary 
to ^'coin^^ the countersink into the parts or, in,some cases, to 
^^spin^' it in. Either, if carefully done, will be satisfactoiw^. In 
each case, an undersized hole is drilled first. Next, the die and 
punch are applied with pressure or \rith blows to form the dimple, 
and then the hole is reamed out with the proper-sized drill for 
the 'rivet. Spinning takes more skill and is not recommended. 
The important thing is for the dimple to be formed mitkout damaging 
the parts to he riveted. 

188. Thomson Rivets. ^-^ThomsOn rivets are characterized by 
a depression in the shank (see Fig. 155). The depression is still 
\isible after the head is formed, but then it is only a shallow 
dimple. In driving a Thomson rivet the working of the metal is 
confined largely to the region of the depression. Hence the shank 
does not expand as much as in a solid rivet. As a result the 

^ “ Maintenance Instruction,^' The Curtiss Aeroplane and jMptor Com¬ 
pany. 
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Thomson rivet should fill the hole closely before dri\dng. If not,. 
a solid rivet is better. 

There are three methods of. installing and setting Thomson. 

rivets, namely, by machine, by squeezers, and 
by hand tools. 

The Thomson rivet machine consists of a 
hopper, a gravity feed chute with a device 
allovdng only one rivet to fall at a time, a set 
with receding pin for locating work and guiding 
riv^et through hole, and a mechanically actuated 
plimger which heads the rivet. The use of the machine is limited 
to riveting small assemblies and such parts as may be easily 
maneuvered by hand. 


D->{ 

D = diameler 
L = length 
6 = grip 

Fig. 155.—Thomson 
tubtilar rivet. 


Table XVII.— ^Thomson Rivets* 670-D 


3^-in- diameter diameter 

i i 


Stock thickness 

Length 

1 Stock thickness 

Length 

0.0 to 0.027 


0.063 to 0.095 

He 

0.028 to 0-.059 

Vs 

0.096 to 0.125 

H2 

0.060 to 0.090 

H2 

0.128 to 0.156 

H 

0.091 to 0.121 

He 

0.157 to 0.188 


0.122 to 0-152 

%2 

0.189 to 0.218 

Ke 

0.153 to 0.184 


1 0.212 to 0.250 

^¥2 

0.185 to 0.215 

%2 

1 0.251 to 0.281 

H 

0.21-6 to 0.247 


0.282 to 0.313 


■ 0.248 to 0.278 


0.314 to 0.344 

He 

0.279 to 0.309 


0.34o to 0.37o 


0.310 to 0.340 


0.376 to 0.408 

H 

0.341 to 0.372 

Ke 

0.'407 to 0.438 

1 H 2 

0.373 to 0.403 


0.439 to 0.469 

He 

0.404 to 0.434 

¥2 

0.470 to 0.500 




0.501 to 0.531 

% 



0.532 to 0.562 

■ 2^2 



0.563 to 0.594 

^He . 



0.595 to 0.625 

■ ^H2 



0.626 to 0.656 

H 


* Courtesy of Curtiss Aeroplane and Motor Company. 


In squeezing Thomson rivets either hand or pneumatic squeezers 
are used. The jaw’s of each type are equipped with removable 
sets of size and shape to suit the different rivet sizes. In each 
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case one set is shaped to fit the manufactured head and one to 
fit the formed head. Squeezers are used for riveting large assem¬ 
blies such as monocoques, panels, and parts which may not 
readily be riveted on a machine. 

T^Tiere rivets are so inaccessible that they cannot be set with 
machine or squeezer, hand tools and hammer are used. 

This method is probably the most common in replacing rivets. 
Rivets may be driven from either side, depending upon which is 
more convenient. 

In replacing a rivet which has been removed^ drill the hole out 
and use the next larger size Thomson rivet, except in cases where 
the net section is critical. In such cases the same size Thomson 
rivet may be used if* the hole is not oversize. If the hole is over¬ 
size, it will be fohnd better to use the same size solid rivet. For 
J^-in.-diameter rivet, drill No. 30 (0.128) diameter hole; and 
for in- diameter, drill Jd^g-in.-diameter hole. When a rivet is 
formed, the bottom of the hole in the end can be below the outer¬ 
most surface of the material on the side of the formed head not 
over 0.032 on 3^-in. rivet and Hot over 0,040 on rivet. 

Dural Thomson rivets must be driven with a small amount of 
linseed oil or paint on Navy jobs to get a vrell-formed head. Care 
should be taken to have sheets tight together, or rivet -will collapse 
between sheets. Dural rivets require special sets, both fox 
machine and hand dri^dng. Dural rivets should be J^2 longer 
than those called for on chart for steel. 

Table XYII shows the correct lengths of rivets to use for 
various stock thicknesses. 

189. How a Riveted Joint May Fad. —Figure 156 shows several 
types of failure of a riveted joint. 

1. Shear of the rivet. 

2. Shear in the plate. 

3. Tearing of the plate by com¬ 
pression. 

4. Crushing the rivet. 

5. The rivet head may pull off. 

An ideal joint is one tvhich 
will be of equal strength in all of 
these characteristics. 

An inspection of a- riveted 
joint should include a check of the joint for all possible types of 
failure. 


They mat' be listed as follow^s: 

Shear in Compression failure- 
plafe^^ {fnplafe ( fearing 


ir? 


Tension failure 
in plafe 

Fig. 156.—TjT>es of failures 
riveted joint. 
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190. Heat Treatment of Aluminum-alloy Rivets.—Rivets of 
2S and 3S do not need heat treating before dri\dng, although they 
do work-harden in dri^dng. This is a desirable feature to prevent 
permanent deformation under load and loosening as a result. It 
is imperative that 17S rivets be heat-treated before dri^dng, as 
•they are too hard normally and, if driven untreated, are very 
apt to split around the edge of the head. The hard rivet will also 
‘swell the hole in the sheet, causing it to wave between rivets. 

The heat treatment of .duralumin rivets is a comparatively 
simple operation, but the temperature must be properly con- 
. trolled to obtain satisfactory^ results. Although there aro several 
types of furnaces used for the treatment of rivets and small 
duralumin parts, the salt-tank type is the most vddely used. 
This consists of a steel tank of sufficient capacity to handle the 
desired volume of work, vith some means of heating (.electricity, 
gas, etc.)- The salt bath, which is a half-and-half mixture of 
pure sodium nitrate and potassium nitrate, is heated to from 
940 to 960°F. in the heat-treatment process, and is maintained 
at this temperature through the use of a 'pyrometer. The rivets 
are left in the solution 10 to 20 min., depending upon the size of 
the rivets. After the rivets have been in the salt bath for the 
required period, they should be taken out and quenched in cold 
■water and then washed off. Two tanks should be used for the 
quenching and washing operations. . 

The rivets should be driven within one half hour after quench-' 
ing; otherwise they will become excessively hard, and retreatment 
will be necessary?-. 

‘ After they?- have been quenched, the rivets are soft, but they^ 
start aging immediately^, obtaining their maximum hardness in 
about four days. This feature is very’- advantageous, as it allow^s 
sufficient time for the job to be finished before the maximum 
hardness is developed. If, for any^ reason, it is desired to keep 
the rivets soft after heat treatment, they" may be placed in an 
atmosphere below 32°F., as in containers surrounded by?- dry^ ice 
(solid carbon dioxide). In this wray?- the rivets may be kept soft 
enough for dri^dng for several hours. 

Practices to Be Avoided.^ —There are certain practices which 
we have observed in contacting the industry?-, wffiich w^e feel should 

^ “Report on Recommended Practices,” by Aluminum Company of 
America. • 
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be carefully avoided. As examples of such practices, we are 
listing the follovdng: 

1, Quenching* 17S or 24S.alloys in hot water or air after heat treatment. 
This procedure not only affects the mechanical properties of the resulting 
material, but has a very serious effect upon its resistance to corrosion. 

2. Insufficiently rapid transfer of I7S or 24S alloys from the heat-treating 
medium to the quench tank. This transfer should, at least for small loads, 
be accomplished in the very minimum of time. An elapsed time of more 
than 10 or 15 sec. will, in many cases, result in a lowered rivet strength. 

191. Riveting of Stainless-steel Sheets.^—Hiveting of stainless 
steel is done either hot or cold. Small rivets may be dravm cold 
and set by comparatively few heatw blows. Hot rivets should 
be heated out of contact with the furnace flame or in .electric 
resistance heaters, which use the rivet as the circuit between two 
electrodes of low electrical resistance, to a temperature of 2100°F. 
These hot rivets must be set so that mechanical deformation is 
finished before they cool to below 1750^F1 Riveting is of doubt¬ 
ful economy in structural joints. The holes are readily torn. 
Stainless rivets hd;rden rapidly and are difiicult to handle. 

192. Strength of a Riveted Joint.—A riveted joint can never 
be as strong as the uninterrupted sheet; that is, its strength can 
never be lOO per cent. For example, if the pitch of the rivets 
is 1 in., and the diameter of the rivets is in., then }4 in. of metal 
is cut from a strip 1 in. wide, lea\dng the strip only in. wide. 
The strength then is (% 4- 1 X 100 per cent), which is 87.5 per 
cent of that of the undrilled sheet. 

As generally required in aircraft vrork, the strength of the plate 
and the strength of livet must be about the same. For example, 
it would not he good practice to use a rivet in a 0.020-in. 

sheet; nor would it be good practice to use a rivet in a 

plate. 

Tables XYIII, XIX, and XX vill prove convenient and useful 
to the mechanic in making repairs. The tables show the rivet 
strengths, the strength of the plate for the different-sized rivets, 
and the values to use to give equal strength of plate and rivet. 

Note that the shearing strength is taken as 25,000 lb. per 
square inch in Table XVIII. This is a conser^’-ative value for 
general use, as the higher strength aluminum-aUoj^ rivets develop 
30,000 to 40,000 lb. per square inch shear strength. It is best to 
be on the safe side. . . 
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Tapt.v. XVIII.—A17ST, Rivets — Sheab and Bearing Values* 
Note: The use of rivets in tension is to be avoided. 


Size. 

; M2 j 

Vs 

%2 


M2 

1 ^ 

^6 

Area of shank, sq. in'... 

0.00690 

0.0123 

0.0192 

0.0276 

0.0376 

0.0491 

0.0767 

Single shear 25,000 lb. 

i 







per sq. in. 

172 

308 

480 

690 

940 

1228 

1918 

Double shear. 

344 

616 

960 

1380 

1880 

2456 

3836 

Sheet thickness 

Bearing strength, lb. (60,000 lb. per sq. in.) 

0.014 

78 

105 

131 

157 

184 

210 

262 

■0.016 

90 

120 

150 

180 

210 

240 

300 

0.018 

102 

135 

169 

202 

236 

270 

337 

0.020 

113 

150 

187 1 

225 

262 

300 

375 

0.022 

124 

165 

206 

247 

289 

330 

.413 

0.025 

141 

187 

234 

281 

328 

375 

468 

0.028 

158 

210 

262 

315 

367 

420 

525 

0.032 

180 

240 

300 

360 

.420 

480 

600 

0.036 

202 

270 

337 

405 

473 

540 

675 

0.040 

225 

300 

375 

450 

525 

600 

750 

0.045 

253 

337 

422 

506 

590 

675 

845 

0.051 

287 

382. 

478 

574 

670 

765 

955 

0.057. 

321 

427 

535 

• 641 

747 

855 

1070 

0.064 

360 

480 

600 

720 

'840 

960 

1200 

0.072 

405 

540 

675 

810 

945 

1080 

1350 

0.081 

456 

607 

760 

910 

1060 

1215 

1520 

0.091 

512 

682 

855 

1025 

1192 

1365 

1705 

‘ 0.114 

642 

.855 

1070 

1280 

1495 

1710 

2140 

0.128 

720 

960 

1200 

1440 

1680 

1920 

2400 

0.156 (M2) 

877 

1170 

1460 

1755 

2049 

2340 

1 2930 

0.188 (Me) 

1054 

1405 

1760 

.2120 

2460 

2820 

3520 


* Courtesy of Douglas Aircraft Company. 

Note: Values below upper solid line are greater than single shear. 

Values below lower solid line are greater than double shear. 

Caxttion: The A17 rivets are used where the loads are not too severe. ‘ These rivets are 
not heat-treated before driving and must be protected by dipping in a dichromate solution 
as they cause corrosion in the sheet, particularly the 24 alloy. The dichromate leaves a 
yellow stain. 
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See Job Unit 26, 27, etc., for examples of the use of Tables 
XVIII, XIX, and XX. 


Table XIX.— Bearing Strength of Aluminum-coated Aluminum-alloy 
Sheet— ^24S Alclad (Spec. 11067)* 


Diameter of rivet or 
pin, in. 

Ke 

M2 

Vs 

%2 



Hs 

Single shear strength, 
lb.. . . 

107 

242 

430 

671 

966 

1717 

.2684 

Sheet thickness, in. 

Bearing strength of sheet, lb. 

0.012 

61 

91 

122 

152 

183 

244 

305 

0.016 

82 

123 

164 

205 

246 

328 

410 

0.020 

102 

153 

204 

255 

306 

408 

510 

0.025 

128 

192 

256 

320 

384 

512 

640 

0.030 

154 

231 

308 

385 

462 

616 

770 

0.035 

179 

268 

358 

447 

537 

716 

895 

0.040 

205 

307 

410 

512 

615 

820 

1025 

0.045 

231 

346 

462 

577 

693 

924 

1155 

0.051 

261 

391 

522 

652 

783 

1044 

1305 

0.057 

292 

438 

584 

730 

876 

1168 

1460 

0.064 

328 

492 

656 

820 

984 

1312 

•1640 

0.072 

369 

553 

738 

922 

1107 

1476 

1845 

0.081 

415 

622 

830 

1037 

1245 

1660 

2075 

0.091 

466 

699 

932 

1165 

1398 

1864 

2330 

0.102 

523 

784 

1046 

1307 

I 1569 

2092 

2616 

0.128 

656 

984 

1312 

1 1640 

1 1968 

2624 

3280 

0.156 

799 

1198 

1598 

i 1997 

: 2397 

i 3196 

3995 

Ke 

961 

1441 

1922 

! 2402 

2883 

3844 

4805 


1281 

1921 

2562 

3202 

3843 

5125 * 

■ 1 

6405 


* Courtesy of XT. S. Army Air Corps.' 

All values appearing below figures in bold-face type in each column, are greater than 
single shear. 

AUow'able bearing = 82,000 lb, per square inch. Allowable shear—24S (Spec. 11071> 
rivet == 35,000 lb. per square inch. 

193. Types of Riveting. —The types of riveting may be clas.'^i- 
fied as follows: 

1 . Hand peening. 

2. Automatic hammer riveting. 

a. Electric hammer. 

h. Air hammer (air gun). See Fig. 162. 

c. Mechanical'hammer. 

3. Squeezing rivets in place. 
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a. Hydraulic power. 
h. Air power. 
c. Mechanical power. 

Ve’i'y little hand peeni7ig is done in aircraft work. There are 
various sizes of automatic hammers to fit the various sizes of 


Table XX.— Bearing Strength of Aluminum-alloy Sheet-17S 

(Spec. QQ-A-Zbd)* 


Diameter of rivet or 
pin, in. 

. Me 

Ms 

H 

|. 

Me 

K 

Me 

Single shear. 

92 ' 

I 

207 

368 

575 

' 828 

1472 

1 2300 

1 

Sheet, thickness, in. 

Bearing strength of Sheet, lb. 

0.012 

56 

84 

112 

140 

168 

224 

280 

0.016 

76 

112 

150 

187 

225 

300 

374 

0.020 

94 

141 

187 

234 

. 281 

375 

469 

0.025 

117 

176 

234 

293 

351 

468 

586 

0.030 

141 

■ 211 

281 

352 

422 

562 

704 

0.035 

164 

246 

328 

410 

492 

656 

820 

0.040 

188 i 

281 

376 

469 

563 

750- 

938 

0.045 ’ 

211 

316 

422 

627 

633 

844 

1054 

0.051 

239 J 

359 

478 

598 

717 

956 

1196 

0.057 

267 

401 

534 

668 

801 

1068 

1336 

0.064 

300 

450 

600 

750 

900 

1200 

1500 

0.072 

338 

506 

676 

844 

1014 

1362 

1688 

0.081 

380 

370 

760 

950 

1140 

1520 

1900 

0.Q91 

427 

640 

854 

1067 

1281 

1708 

2134 

0.102 

478 

717 

956 

1195 

1434 

1912 

2390 

0.128 

600 

900 

1200 

1500 

f800 

2400 

3000 

0.156 

■ 731 

i097 

1462 

1828 

2193 

2924 

3656 

Ke 

879 

1319 

1758 

2198. 

2637 

3516 

4395 

H ■ 

1172. 

1758 

2344 

2930 

3516 

4688 

5860 


* Coiirtesy of TT. S. Army Air Forces: 

All values appearing below figures in bold-face type in each column are greater than 
single shear. 

Allowable bearing = 68,000 lb. pet square inch. -Allowable shear—17S (Spec. QQ-A- 
351) rivet = 30,000 lb. per square inch. 

rivets. The hammer is usually applied to the head of the rivet 
with the rivet in position through a block,- stationary with respect 
to the rivet but attached to the hammer, while the dolly bar forms 
the cap on the shank end of the rivet. This practice makes 
riveting possible in places which would othermse be inaccessible. 





Sec. 194] 


RIVETS AXD RIVETING 


233 


The riveting is usually done by the dolly bar or dolly block. 
The rivet set or ‘^snap” is held in the '‘gun'’ and usually has a 
shape conforining to the size and shape of the rivet head. Often 
a piece of scotch tape yill be over the rivet head to take up minor 
inequalities and to reduce "ringing’' of the plate or of the rivet. 
The rivet set must be straight upon the rivet, mth the rivet 
head in contact with the surface of the material to be riveted. 
The "bucker ” must hold the dolly bar normal to the end of the 
rivet shank and, as the blow’s are struck, the impact of the rivet 
against the dolly flattens the end of the shank and swells it 
to fill the rivet hole. It takes more skill to do a good job of 
bucking than it does to handle the hammer. The bucked end 
of the rivet should be flattened to 0.40 to 0.65 of the nominal 



rivet diameter, and the head thus formed to about to 1}4 
times the rivet diameter. 

Dolly bars and blocks are of many sizes and shapes to allow 
bucking in close corners and in confined places. They can be 
improved readily as the primary needs are a smooth bucking 
surface and sufficient inertia (weight) to head up the rivet. 
Modern riveting rnakes httle attempt to make other than flat 
heads on the bucked end of the rivets, but sometimes a round 
or brazier head is desired, when the dolly must have a depression 
of the proper size to make it. 

The squeeze-type riveter is quite generally used in connection 
with very accessible work, such as in riveting small parts which 
may be readily moved. This type of riveting is quite rapid and 
generally satisfactory. 

194. Riveting in Small-diameter Tube. —The strength effi¬ 
ciency of 'a tube in thin-sheet-metal construction, especially 
where torsion is involved, outweighs the inefficiency of fabrica- 
tioh. Figure 157 shows the most common method of bucking 
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rivets inside a-tube. The steel blocks A and B slide on each 
other at the inclined surfaces when actuated by the rods C 
and D, extending out of the end of the tube. This'shding action 
causes the shank to decrease as the cap is formed on the rivet. 
A deduce of this kind may be pneumatically or hydrauHcally 
actuated; also. It is usually called a mouse. 

While there are manj' other detdces for this purpose, it is suffi¬ 
cient for the designer to reahze the possibilities, so that he may 
not be handicapped in his design. 

195. Rules for Riveting. —The following-general rules should 
be adhered to: 


1 . Tension on rivet heads should be avoided. Figure 158 shows how a 
single riveted lap joint in thin sheets may develop tension. ■ A butt joint 

_ _ _ ^.^<5 _ would be more desirable in this 

case. 


Fig. 158.- 


-Tensioh on rivet heads in 
lap joint. 


2 . A riveted seam in thin 
material should be backed up by an 
angle section, or equivalent, as shown in Fig. 159. 

3. In general, the rivets should be regularly and equally spaced. 

4. If the riveting is done in double ro^ws, the rivets of the t-wo rows 
should be staggered. 

5. T\Taere butt straps are used (in a butt joint, Fig. 1535), the straps 
should not be of less thickness than the 

plate. 

6 . The ■ thickness of the plate should 
regulate the size of the rivet (see Tables 
X^TII, XIX, and XX). 


7. The rivet holes should have smooth Fig. 159.—Reinforcing a seam- 

and regular sides, without burrs or cracks. riveted joint. 

A drilled hole is best. 

8 . Rivets should be dipped into a good quality of bituminous paint before ■ 
inserting to retard corrosive effects. 

9. The sheets should be bolted together with small bolts, which fit the 
rivet holes, while the remaining holes are being drilled and while rivets are 
being driven. 

10. In general, rivets should not be nearer to butts or edges of the plating, 
straps, or bars than a space equal to one and one-half times the diameter of 
the rivet. 

11. In general, in edge riveting, the space between any'tw^o consecutive 
rows of rivets should not be less than two rivet diameters. 

12 . The rivet holes should not be too small. Figure 160a shows the 
effect of this poor practice. , As noted, the sheet is bent, giving a poor bear¬ 
ing area. 

13. The rivet holes should not be too large. The sheets slip in this case, 
as shown in Fig. 1606, developing a tendency to pull the head off the rivet. 
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Also, as noted in Fig. 160c, the rivet in the large hole may not carry its load, 
lea\T.ng the additional rivet to carry the entire load. Since the joint is 
designed for two rivets, one rivet must carr^' the load of two. which load 
shears the rivet off. 

14. The rivet must not be too long or too short. If the rivet is too long^ 
it tends to bend, thus buckling and mutilating the plate, as noted in Fig. 



C a) Holes Drilled tooSmciil 



C b) Hole Drilled too Large 


(cl One Hole Drilled too Large 



(d) Rivet too Long 


■ ' (e) Rivet too Short 

g Fig. 160.—Poor practices in riveting. 

160d. If the rivet is too short, the head cannot be made large enough, as 
shown in Fig. 160e. 

15. A prick punch should be used in laying out the holes to be drilled. 
An automatic prick punch is more desirable. (See a tool catalogue for prick 
punches and center punches.) 

16. A sharp point should not be used 
in laying out lines for rivets, as the point 
will cut the sheet, making it susceptible 
to fatigue stresses. 

17. Dividers are used for laying out 
the distances between holes. 

18. A rivet set is used in setting 
rivets. (See tool catalogue.) 

196. Heading Rivets in Repair WorkA— If the rivets have been 
removed carefully, the same-size rivet as used originally can be 

^ Recommended in Service Manual,” Edo Aircraft Corp>oration. 



/ ^LangifL/d/ncrf Joint 

Cjrcumferenfjaf Joint 
Fig. 161,—Riveted joints in a tube. 
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replaced in the holes. The shank of the rivet should project 
out a distance equal to about one and one-half or two times its 
diameter. In the factory, the large assortment of rivets makes 
it possible always to have the proper length on hand. In the 
held, however, it will usually be necessary to use long rivets and 
cut off the shank to the required length with, a pair of cutting 
pliers or small tin shears. The rivet is normally put in and 
bucked from the inside so that the head is formed on the outside, 
and it is well to daub the hole with Bakelite seam compound to 



Fig. 162.—(1) Rivet snap for heavy gun; (2) heavy air gun (used for duralumin 
rivets up to in. diameter); (3) rivet snap for light gun; (4) light air gun (used 
for duralumin rivets); (5) hand snap; (6) machinists ball peen hammer for head 
riveting; (7) left-hand “Dutch” snips; (8) right-hand “Dutch” snips; (9) 
straight-away snips. {Courtesy of Boeing School of Aeronautics.) 

prevent leakage and corrosion. Until experience has been gained, 
the rivet should not be set too tight. A loose rivet can be tight¬ 
ened, but too much hammering may injure the sheets, causing 
dents and tending to expand the metal so that it bulges out 
betiveen rivets. ; 

There are two essentials in 'properly heading rivets. In the first 
place, the bucking bar 'must he really pressed and held tightly against 
the rivet. It is sometimes difficult to see whether the bucking 
bar is up tight, and in such case the man on the outside should 
check it by trying to push the rivet in before he starts putting a 
head on it. In the second place, the sheets of metal which are being 
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riveted must he drazcn tightly together before riveting is sUfeied. 
This can be accomplished by the free use of machine screws in 
preliminarily clamping the sheets together. ^ 

If many rivets are to be put in, a special draw set can be used 
to advantage. This is essentially a rod with a hole drilled in 
one end to a size ^-32 in. larger than the shank of the rivet and 
short enough to expand the head of the rivet at the same time 
that it draws the metal together. After the rivet has been placed 
in the hole*and bucked, a few blows are given vdth this tool before 
driving it. If the rivet is properly driven and the sheets drawn 
togetherj a watertight joint is assured. If the sheets are not drawn 
together, the shank of the rivet will expand between the sheets, 
and although the rivets may look all right from the outside, water 
will leak in betw^een the sheets. 

It is advisable to use a rivet set to put the head on the shank of the 
rivet, and it is important to hold it parallel with the shank, or else 
a defective head will be formed. Eight or nine blows with a 
medium-weight hammer on the set should be sufficient to form 
a good head. There are a few aw’k-ward places in the float w'here 
it is very difficult to insert a rivet from the inside.. In these 
cases,, insert a wire through the hole in the float from the outside. 
This wire can be fastened to the rivet by filing a point on the 
rivet and drilling a hole through the narrow' part. The point 
of the rivet is then drawn through the hole by pulliug on the 
wire. * Do not unfasten the wire imtil sure that the rivet is prop¬ 
erly bucked from the insicie. 

^Tiere compressed air from 80 to 150 lb. pressure is available, 
a type Boyer compressed-air scaling hammer, w'hich can 

be obtained from the Chicago Pneumatic Tool Company, will 
drive rivets in about half the time required by hand. In this 
case, the rivet is pushed into the hole from the outside and the 
hammering is done against the head of the rivet: The pushing 
up of the bucking bar against the shank of the rivet forms 
a head on the inside. This type of hammer requires care in 
handling and is not recommended unless extensive rebuilding 
work is to be accomplished. 

197. Parker-Kalon Screws. —^These screw's are often quite 
valuable in repairs. Any aircraft supply house can supply 
information on them, otherwise write to the manufacturer. The 
following outline describes their use and application: 
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The screws are made of very hard steel, and are designed so that they 

tap their own threads in the softer 




/ Rivet folded 
by ofppiied 
pressure^ P 


^Plates 

riveted 

together 


Fig. 163a.- 


-Method of heading Good¬ 
rich Rivnuts. 


aluminum alloy. When the hole is 
drilled the proper size, the screws 
will fit- quite tightly, thus'offering 
a high resistance to unscrewing. 
They may be obtained chromium- 
plated, in stainless steel, or in other 
forms. 

2 . The screws are useful in join¬ 
ing metal sheets in such a position 
that no access is available for 
bucking rivets; for example, in 
attaching a covering to a frame of 
a closed cylinder. 

3. See Job Unit 42 for example 
of use of the screws in repair. 


198. Blind Riveting.-—Blind riveting is used where the rivet 


'''ttecfded 


ti^crhd 

I snap 

Explosive '^ 5 * inserted ^ 1 ^ '''tteaded 

iVad 

Fig. 1636. —^^Explosive rivet. 

cannot be reached for heading with a bucking bar. One type is 
knovTi as the Goodrich Rivnut. Its use 

for blind riveting has become quite general -—■ 

(see Fig. 163a). The rivet is hollow and 
the end opposite the head has an internal 
thread for approximately half the length. 

The remaining length is counterbored to a - 

somewhat larger diameter than the thread. 

‘The rivet is headed by means of a tool 8^1 

with a threaded mandrel which is screwed TmT 

into the threaded portion of the rivet, plug section - 

The tool bears against the head of the rivet 

1 - -I 1 1 1 bund STEM HEAD- 

(Fig. 163a) and withdraws the mandrel, ** 

which upsets the counterbored portion, as Cherry 

shown in the figure. The rivets and 

heading tools are made in a countersunk pattern, as w'ell, 
which may be obtained from the B. F. Goodrich Co. 


Fig. 163c. —The Cherry 
rivet. 
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The explosive rivet is a very useful one for blind riveting. 
The rivet is of any normal t^^pe, except that the end of the 
shank is drilled out a short distance and the hole is packed vith, 
a small amount of a special explosive, held in place vith a wad. 



Fig. 163d. - Fig. 164.. 

Fig. 163<i.-^Mandrel in the self-plugging Cherrj' rivet, when pulled by special 
gun, forms tulip head, expands rivet shank, permanently plugs rivet, and then 
breaks, releasing gun. The mandrel is then trimmed. 

Fig. 164.—Standard Elastic Stop Nut. 


The rivet is put in place and a heavy, heated, properly shaped 
set is held against it. The heating of the rivet resulting there¬ 
from sets off . the explosive. The consequent explosion e.xpands 
the shank to form a head (see Fig. 1636) on the blind end. 
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Type F ■ Type FA 

Fig. 165a.—Typical Dzus fasteners for aircraft. {Courtesy of Dzus FcLstener Co.) 


This rivet can be used in “the most confined spaces and is quite 
satisfactory. 

The Cherry rivet is the most universal^" used type of blind 
rivet. Figure 163c shows the construction of the unheaded 
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rivet and the nomenclature for the various parts. Figure I63fZ 
shows four stages of its application. The rivet is a standard 
aircraft rivet drilled for a special mandrel illustrated in Figs. 163c 
and 163d, referred to. A special gun that is made for either 
hand or air operation is used. The rivet is patented and made 
by the Cherry Rivet Company, from whom full information can 
be secured. ' 

199. Elastic Stop Nuts (see Fig. 164).—The 
self-locking nut which bears the trade name 
Elastic Stop Nut has to a large extent sup¬ 
planted the castellated nut and cotter key for 
bolted assembhes. Its use is disapproved 
where the parts joined rotate wdth respect to 
each other and wRere it is subjected to elevated 
temperatures but, beyond these applications, 
its use is practically unrestricted. 

200. Cowl Fasteners (see Fig. 165a)—These 
fasteners . are used for. holding inspection 
covers, cowds, etc., in place. The fastener, 
which is locked* by a spring as noted in the 
figure, is operated by a screw driver. The 
head of the screw is oval or countersunk, 

tiG. 165?).—Camioe that a smooth, streamlined surface is 

maintained. 

' Another type of fastener that has merit, in that only one hole 
is needed for installation, is known as the Camloe. It is shovm 
in Fig. 1655. 

JOB UNITS 

Job Unit 22. Making Lap-riveted Joint 

A. Processes and Operations 

. 1. Laying out. 3.' Drilling. 

2. Prick-punching. 4. Riveting. 

B. Tools and Materials 

1. Small electric or air riveting 
hamrner. 

2 . Dividers. 

3. Scale. 

4. Prick punch. 

5. Small hard drill. 


6. Rivet set! ■ 

7. Pencil for layout. 

8. Two plates 3 by 6 in. of 0.051 
A17ST aluminum alloy. 

9. Aluminum-alloy rivets. 
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C. Procedure 

1 . Select proper size of rivets from Table XVIII for. equal strength 
1 approximately) of sheet and rivet (see Par. 192). 

2 . Heat-treat the privets. See Par. 190. 

3. Cut the rivets to the proper length, if the proper length of rivets was 

not m stock. • 

4. Estimate, the distance from the edge of the plates the rivets should 
be placed. See Par. 195. 

o. Estima.te the pitch so that the joint will be about equal in shear 
strength and in tension. If this gives the pitch less than }'2 iii., make the 
pitch Yz in. 

6 . Lay out the rivet holes along the 3-in. edge of- the plates. Divide the 
width so that the rivets are equally spaced, and sufficient space is left 
between the last rivets in the row and the sides of the plate. 

7. Prick-punch or center-punch the holes, and drill to size so that the 
rivets will fit smoothly without forcing. Drill first end hole through both 
plates; insert bolt to fit, then drill the other end hole through both plates, 
and insert bolt to fit. Now drill remaining holes (through both plates, of 
course). 

8 . Insert rivet in center hole and fit snuggly in place with rivet set. 

9. Head rivet. 

10. Head rivets in the remaining free holes, then remove bolts and head 
rivets in end holes. 

Job Unit 23. Making a Butt-riveted Joint 

A. Processes and Operations.—Same as in lap joint. See Job Unit No. 

22 . 

B. Tools and Materials.^—Same as Job LTnit 22, except that material for 
butt straps should be provided. See-Par. 195. 

C- Procedure.—Same as Job Unit 22, except that the student should 
determine the thickness and size of the butt sttaps, and then cut them to 
size. 

Job Unit 24. Testing Riveted Joints for Strength 

Object-—^To determine by test the actual strength of a riveted joint 
prepared by the student. 

Tools and Materials 

1 . A tension-testing machine. (If a standard machine is not available, 
a jig and a loading platform may be easily defused so that the load may be 
applied by sand bags.) 

2. Test the joint, noting the breaking load, and the types of failure in 
the joint. 

3. Compute the strength of each rivet in single shear. 

Note: The butt-joint test will give a more accurate value, since the lap 
joint will develop tension in the rivets. In the butt joint the rivets are in 
double, shear. As an example, suppose there are six rivets on each side of 
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the joint. This means 12 single shear values. Suppose the total load is 
3,696 lb., then the single shear value for each rivet is 3,696 divided by 12, 
which is 308 lb. per rivet. • ’ 

4. The 'shear value will probably be greater than the values given in 
Table XVIII if the rivets are well heat-treated and the joints are well made. 
The load must be applied evenly or progressive failure will result. 

Job Unit 26. Other Job Units 

1. Compare a joint made with rivets not heat-treated, with one made of 
heat-treated rivets. • 

2. Make joints of double rows of rivets, and test. 

3. Apply eccentric loading to riveted joints and note how progressive •’ 
failure of rivets lowers the strength of the joint excessively. 

4. Demonstrate the effect of having half of the holes too large. 

Review Questions 

1. Name and give an illustration of the types of joints. 

2. Name five types of rivet-driving machines. 

3. What size of A17ST rivet should he used in a 0.045-in. A17ST plate 
to give about equal rivet and plate strength? 

4. Why cannot a riveted joint be made 100 per cent ej6&cient? 

6. Name and sketch the usual types of rivets. 

6. State 10 rules, for riveting. 

7. -How are rivets heat-treated? 

8. How* can the aging of rivets be retarded? 

9. Explain the steps in making a riveted joint. 

10. What are Parker-Kalon screws and how are they used? 

References 

1. *^The Riveting of Aluminum,” Aluminum Company of America, 
Pittsburgh, Pa. 

2. Younger, J. E., “The Mechanics of Aircraft Structures,” McGraw- 
Hfill Book Company, Inc., 1942. (Tables similar to Table XVIII for other 
materials may be found here.) 

3. “Report on Recommended Practices for Construction and Repair of 
Aluminum Alloy Aircraft Structures,” 1935, Aluminum Company of 
America, Pittsburgh, Pa. 

Questions for Thought and Study of References 

1. It is a simple matter to one familiar with solid geometry to calculate 
the exact length of a rivet to make a buttonhead on a rivet. If the head is 
taken as a hemisphere, then the volume of the'rivet head must equal the 
volume of the rivet shank from which the head is to be made. Equate the 
formulas for the volume of a cylinder (rivet shank) and a hemisphere (rivet 
head), and solve for the length of cylinder required. 

2. About how many rivets are there in a modern transport airplane? 

3. VTiy are riveted joints instead of welded joints used in aluminum-alloy 
structures? • 
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REPAIR OF THIN-SHEET-METAL STRUCTURES 

In general, any part of a metal airplane structure may he repaired 
and made as strong, or stronger, than the original part with the 
addition of only a small amount of iveight. It is necessary, how¬ 
ever, that the supervision of the repair work be under the 
direction of personnel who understands thoroughly the full 
requirements of repairs to metal structures. 

201. Requirements to Be Met in the Repair of Metal Struc¬ 
tures.— These are: 

1. The strength of the original structure must be maintained. 

2. The outside contour of the structure must be preserved. 

3. Excessive weight should not be added in the repair. 

4. Special consideration must be given to the corrosion resistance of the 
repair job. 

202. General Types, of Repair Jobs. —These may be classified 
as: 

;1. Repairs of Highly Stressed Primary Members. —These repairs pertain 
to the primarj^ structural parts of the airplane, such as the wing spars, 
fuselage stringers, struts, etc. (see Par. 205 and Job Units 26. 27, 28, 29, 30, 
31, 37, 38, and 39). 

2. Repairs of Highly Stressed Secondary Members. —These repairs pertain 
to parts which are not designed to carry stresses but are stressed because of 
the distortion (elastically) of the airplane structure. Such parts of a 
structure as formers, the skin (in some cases), the engine eowhng, etc., fall 
in this category. See Job Units 33, 39, 41, 42. 

3. Repair of nonstressed members, such as fairings, fillets, and in some 
cases, engine cowling, and other aerodynamic surfaces. See Job Units 33, 
and 39. 

4. Repair of Surfaces Required to be Watertight, GasolinetigM, or Airtight. — 
Such surfaces are float hulls for seaplanes, and gas and oil tanks. See Job 
Unit 42. 

203. Minimum Equipment for Repair of Aluminum-ailoy Thin- 
sheet Structure.—The following equipment, or equivalent, is 
necessary (see Fig. 162): 
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1. Electric drill with drills. 6. Wooden mallet. 

2. Tin shears. 7. Small cold chisel. 

3. Hacksaw. 8. Eivet set. • , - 

4. Files. 9. Bucking bars. 

5. Riveting hammer. 

If bumping or other forming is to be done, shop equipment, as 
noted in Chap. X, is also necessary. 

In shops where compressed air is available, a small compressed- 
air automatic hammer is desirable. Riveting with such a ham¬ 
mer can be done in about half the time required by hand. In 
using the air hammer’ the rivet is 'pushed into the hole and the ham¬ 
mering is done against the head of the rivet. The bucking bar 
pushed up against the shank forms the head on that end. The 
hammer, obviously, must be pushed against the rivet head vdth 
more force than the bucking bar is pushed against the shank. If 
the surface of the bucking bar is flat, it will, of course, make a 
flat head on the rivet. This is the usual practice. 

204. Removing Rivets for Repairing.—Care must be taken in 
removing rivets for repairs,' to avoid mutilating the sheet metal. * 
Also, if rivets can be removed without marring the edges of the 
rivet holes, or wdthout increasing the ..size of the rivet holes, the 
same holes and size of rivets may be used; otherwise’the holes 

must be reamed out, and thus 
made . larger. The following 
rules should be follow^ed' in 
removing rivets: 

1. Center-punch the head of the rivet, 
and drill a hole in the head slightly 
smaller in diameter than the rivet shank 
is assumed to he. Do not drill to the 
sheet metal, as it is quite difficult to 
drill in the center of the shank and 
the rivet hole in the sheet metal may 
be elongated. 

A jig for drilling rivet heads (Fig. 
166) may be made of a small steel tube about 1 in. long, to which is welded 
a handle at a right angle to the tube axis. The tube should fit .the drill, and 
should be cupped at one end to fit the rivet head. • 

2. After the rivet head is 'weakened hy drilling, knock the head off with a 
small sharp cold chisel hy using a single smart blow with a hammer. A series 
of light blows will only bend the rivet and tear the sheet. The chisel should 
have a face about % in.-wide, set at a slight angle to the axis of the chisel. 

A flat eUiptical face is best. A wide-faced chisel will cut into the sheet. 





Fig. 166.—Jig for centering drill on 
rivet head. 
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3. After the head is knocked off the rivets the shank may then be 'punched 
Old with a punch of smaller diameter than the hole. 

206. Preparing the Damaged Parts for Repair.—All mutilated 
material should first be removed by the use of files, hacksaw, and 
chisels. 

If a riveted joint is near the damage, it may be desirable to 
remove all material back to and including the joint. 

Parts merely dented need not be cut out. The dents, however, 
should be straightened by bumping, using care not to leave 
hammer marks. See job Unit No. 31 for method of patching 
dents. 

Denis in thin sheets sometimes mny he rem-oved hy the use of a 
large rubber suction cup similar to those used in clearing 
kitchensink drains. 

All paint should be removed from the parts of the 
structure adjacent to the damaged portion, and the 
parts should be inspected carefully for cracks, or 
other indication of high stress. Rivets may he sheared 
considerably without showing signs of failure. It may Fig, 167. 
be desirable to take out a rivet here and there around K, i v e t 

snowing 

the damaged portion and examine it for signs of shear signs of 
failure (Fig. 167) and for other signs of failure (Fig. f ® ^ ^ 
156). 

206. Repair of Highly Stressed Members.—^The repair must 
be applied so that all types of loading to which the member is 
subjected will be amply resisted. The types of loading are (see 
Chap. IX): 

1. Tensile. 3. Shear. 

2. Compressive. 4. Bending. 

The loading which must be pro^dded for may be determined in 
the following ways: 

1. The design loads on the member may be obtained from the manu¬ 
facturer’s Approved Type Certificate stress analysis of the structure. The 
analysis will be on file at the factor^’'. 

2. The loading which a portion of the structure will carry before failure 
is called the allowable load. This load is always greater than (or equal to) 
the design load. The allowable load of a portion of the structure can be 
estimated from the original structure. As a simple example, to illustrate 
this point, suppose a strut is riveted at each end by two 3^-in. aluminum- 
alloy rivets in single shear, ^^e conclude, at once that the allowable load 





246 


AIRPLANE MAINTENANCE 


[Chap. XII 


on the stmt cannot be greater than the strength of two 3^^-in. rivets. Since 
we do not know the alloy of the rivet, -we must assume the highest strength 
of Is-in. rivets (shear stress 35,000 lb. per square inch) as 430 lb. Thus 
the allowable load in the strut can be no greater than 430 X 2 = 860 lb. 
Thus a repair made to carry 860 lb. or more in the stmt will be as strong or 
stronger than the original stmt. See Par. 174 for detailed analyses. 

3- A stress analysis made in the shop. This is not to he recom7nended 
even if the work is super\dsed by a competent engineer. In the first place, 
the work would be too expensive, and in the second place, it would not be 
reliable unless done in great detah, and checked by another competent 
engineer, as is done at the factory. 

'The second method is recommended as being the safest and sim¬ 
plest. There is very little opportunity for a mistake; and an 
engineering- training is not necessary. A good mechanic who 
understands the airplane structure is competent to do the work. 

JOB UNITS 

Job Unit 26. Repair of Corrugated Stressed Sheets 

Airplane Parts.—^Flanges of box-w-ing beams (Figs. 137 and 138) and 
fuselage construction as in the Martin bomber. 

Preparation for Repair.—Read Pars. 160, 161, 167, 206 and see Figs. 137 
and 138. 

Estimate of Strength Required .—^The fact that the sheet is corrugated 
indicates that the parts are designed for compressive loads (see also Pars. 146 
and 174). 

The allowable load (see Par. 174) depends upon (1) the strength against 
buckling, (2) the strength against w'rinkling, and (3) the rivet strength. 

The repaired part should be as strong, at least, as the lowest of these three 
allowable loads. 

In (1) wre may assume a maximum of 40,000 lb. per square inch 
(see Par. 174). 

In (2) the average experimental stresses given (Table XXI, see Ref. 1, 
page 212) will ser\^e as a basis for^a conservative estimate of the allowable 
stress. 

In (3) the strength required of the repair is estimated on the basis of a 
riveted joint inward (toward the center of the airplane from the damaged 
portion). Count the number of rivets in a 10-in. width. Multiply the 
strength of one rivet (see Tables XVIII, XIX, and XX) by the number of 
rivets in the lO-in. width. Divide this total load by 10. The result is the 
allow'able stress per inch width. 

Example .^—In the repair of breaks in all cormgations, the corrugations 
are assumed to be subjected to a stress equal to the crippling stress (allowable 

1 As presented in “General Repair of Stressed Skin Stmctures,’^ Engineer¬ 
ing Report 432, The Glenn L. Martin Co. 
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stress). This is used to determine the size of reinforcing plate and the 
number of attaching rivets required. 



Fig. 168 .—Dimensions of corrugations. 


Table XXI.— Allowable Stresses in Standari> Corrugations* 


Pitch, in. 

Depth, in. 

Radius of 
curvature, in. 

i 

; i 

Thickness, 

in. 

1 Allowable 
i stress (axial), 
i lb. per 

1 sq. in. 

3.75 

1.13 

1.06 

0.06 

I 42,000 

3.75 

1.13 

1.06 

0.05 

40,000 

3.75 

1.13 

1.06 

0.04 

36,000 

3.75 

1 1.13 

1.06 

0.03 

31,000 

3.75. 

1 1.13 

1.06 

0.02 

23,000 

2.50 

1 0.75 

0.70 

0.06 

38,000 

2.50 

0.75 

0.70 

0.05 

45,000 

2.50 

0.75 

0.70 

0.04 

42,000 

2.50 

0.75 

! 0.70 i 

1 0.03 

36,000 

2.50 

0.75 ; 

1 ; 

0.70 

0.02 

30,000 


* These allowable stresses are the maximum allowed in design, increased by 20 per cent to 
insure ample strength in the repair. 


A specific example is given to show the method: 

1. Assume 0.051-in.-thickness corrugated skin. 

2. Assume stress in corrugated. sheei to be 40,000 lb. per square inch. 
(See estimate of strength required above.) 

3. The reinforcement should be at least the gauge of the corrugation, or 
preferably one gauge heavier. 

4. Assume the skin to be aluminum alloy 17ST, or equivalent in strength. 

5. Assume rivets to be aluminum alloy 17ST, or equivalent in strength. 

6. Refer to Fig. 169. 

7. Area of cross section removed = 1.228 X 2.5 X 0.51 = 0.155 sq. in. 

8. Load to be carried by patch = 0.155 X 40,000 lb. per square inch = 
6200 lb. 

9. Allowable bearing on rivet (see Table XX) on 0.051-in. 

plate = 478 lb. 

10. Allowable shear of 3'^-in. rivet = 368 lb. (see Table XX). 
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11. Number of rivets required = — 17 rivets. 

12. A minimum of 17 rivets should be used in front and behind the break 
to attach reinforcement to corrugation. 

13. In vudth, the patch should be one complete corrugation wider than 
the break. In length the patch should extend 6 to 10 in. or more in front and 
behind the break, depending on the size of the break. The larger the break, 
the further the patch should extend. 
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--'y\Lenpfth of break 
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Fig. 169.—Patch on alumii^um-alloy corrugation. . 


Job Unit 27. Repairs of Smooth Stressed SMn 

Airplane Parts.—Stressed skin of wings using stringers; stressed skin in 
fuselage. (This does not, in general, apply to webs of beams.) 

Estimate of Strength Required.—smooth, flat sheet will carry only a 
small compressive load. . Such a sheet, therefore, is not in general designed 
to carry compressive loads. Smooth skin is generally designed to carry 
tensile loads. 

On account of the removal of material from the flat sheet for rivet holes, 
the allowable stress is not over 45,000 lb. per square inch for aluminum 
alloys. (Note that in the example, the Glenn L. Martin Co. uses 43,600 lb. 
per square inch). 

Example .^—In smooth-skin structures, the maximum allowable tensile 
stress is reduced to 43,600 lb. per square inch to account for reduction in 
area due to rivet holes. All skin i^ assumed to be subjected to this stress. 
(This type of repair is only for smooth skin w^hich carries stress. It does 
not apply to top skin on corrugation, cowlings, etc.) 

In structures with thin skin, the reinforcement plate should always be 
at least one gauge heavier than the damaged skin. As the size of break 
increases, this difference in gauges should increase accordingly. 

A specific example of smooth skin reinforcement is as follows: 

1. Assume skin gauge = 0.028 in. 

2. Assume skin stress. = 43,600 lb. per square inch. 

3. Assume material, aluminum alloy 17ST, or equivalent in strength. 
Refer to Fig. 170, 

^ As presented in ^^General Repair of Stressed Skin Structures,” Engineer¬ 
ing Report 432, The Glenn L. Martin Co. 




Sec. 206] REPAIR OF THIN-SHEET-METAL STRUCTURES 249 

4. Area of cross-section of skin removed == 0.028 in. X 2.5 in. = 0.07 sq. 
in. 

5. Load to be carried by patch = 0.07 sq. in. X 43,600 lb. = 3050 lb. 
(See Table XX.) 

6. Allowable bearing of M-in. rivet on 0,025-in. sheet = 234 lb, 

7. Allowable shear of 3^-in. rivet = 368 lb. 

8. Number of rivets required = 305^34 = 13 rivets. 

9. Thus, a minimum of 13 rivets should be used in front and behind break 
to attach the reinforcement of skin. See Fig. 170 for additional details. 


Fig. 170.—Patch on smooth stressed skin. 

Job Unit 28, Repair of Strut 

(Includes Vertical and Diagonal Web Members of a Wing Spar) 

Airplane Parts.—Tubes in steel-tube fuselage, and vertical and diagonal 
web members of a wing beam. (Stringers have strut characteristics.) 

Estimate of Strength Required (see Par. 174).—A strut la&y fail by 
(1) buckling, (2) wrinkling of the sheet metal locally, (3) by shear in rivets 
at the ends of the strut. 

We may classify the damage as: 

1. The strut is merely bent (buckled), and may be straightened. 

2. A section of strut is so damaged (wrinkled) that it must be removed. 

3. The entire strut is damaged beyond repair, and it must be replaced. 

In (1), after the strut is straightened, it may be easily reinforced by clamp¬ 
ing a reinforcing brace around the strut to prevent buckling. Figures 95 
and 171 show the arrangements of this type of reinforcement. The rein¬ 
forcement should be amply long; for example, half the length of the stmt. 
The thickness of the sheet should be as great as, or greater than, the thickness 
of the strut walls. A minimum amount of riveting through the strut is 
best, as it is only necessary to hold the reinforcement snugly in place. Rivets 

in. in diameter spaced at a pitch of about 1 in. will be ample for most 
repairs. In riveting the reinforcement without piercing the stmt, the 
mechanic need feel no restraint. 

The condition in (2), in general, could hardly occur without damage to 
other parts of the stmcture, especially to other parts of the same tmss. 
Other parts should therefore be inspected carefully for breaks, wrinkles, and 
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especially for sheared rivets. (Read Par. 205, in regard to mspection of 
sheared rivets.) 

The method of repair shovTi in Fig. 171 is also the method used in this 
ease. The riveting of the reinforcement, however, is the major problem. 
The rivets must carry the entire load of the strut in shear. It is desirable 
to use rivets in double shear whenever possible, as only half the number of 
rivets required in single shear will be necessary. 



Example .—^To illustrate the principle involved, consider Pig. 172: * 

T. Assume aluminum alloy, 17ST. 

2. Assume a stress in the original strut of 40,000 lb. per square inch (s 
Par. 174), The area of cross-section cut out is a fraction less than 2 X 
= 0.25 sq. in. 



Fig. 172.'—Splicing an angle-iron strut. 


3. Load to be carried by patch — 0.25 sq. in. X 40,000 lb. per square 
inch - 10,000 lb. 

4. Using rivets, because larger rivets are hard to drive, the joint 

is weakest in rivet shear. 

5. The load aUow'ed on each rivet (double shear) is 828 X 2 (see Table 
XVIII) or 1656 lb. 

6. ISTumber of rivets on each side of cutout = =6 rivets. 

7. A rivet spacing of pitch about 1 in. is reasonable. The splice should 
overlap about 4 in. or more, depending on the space. (An overlap of 2 in., 
however, will develop the full strength of this strut.) 
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8. Riveting should be along the middle of the flanges of the original strut 
angle bar. The purpose of this is to prevent eccentric loading which tends 
to bend the strut. 

Other Strut Cross Sections-—The same procedure as given in the example 
maj’’ be. followed in all strut repairs of this nature. Two rules, however, 
should be emphasized: 

1. The reinforcement should be built up entirely around the cross section 
of the strut, the original strut section being balanced in the surrounding 
reinforcement. 

2. The rivets should be located so that the loading is transmitted through 
the reinforcements without causing bending; that is, the rivets should be 
balanced aroimd the original cross section. 

Job Unit 29. Replacement of an Aluminum-alloy Strut 

Study Repair of a Strut, Job Unit 28, and How to Remove Rivets, 
Par. 204. Also study the forming of alummum aUoys, Chap. X. The strut 
must, of course, be a duplicate of the original in every respect. 

Job Unit 30. Repair of a Stringer 

Airplane Parts.—Compression members in the fuselage (see Par. 153) 
and in wings (see Par. 167); also compression members in some engine 
nacelles, in control surfaces, and in some fins and stabilizers. 

Estimate of Strength Required.—Stringers may, for the purpose of this 
analysis, be considered as struts supported by the skin of the fuselage, wing, 
etc. We can assume, therefore, that for aluminum-alloy materials, the 
upper limit of the allowable stress is 40,000 lb. per square inch, and that 
repairs made on this basis will be of the required strength. See, therefore, 
Job Unit 28, Repair of a Strut. The damage may be classified as outlined 
for the strut. For the purpose of the application of instructions in this 
job unit, however, a part of the skin must be considered with the stringer. 
To be on the safe side the skin on each side* of the stringer halfway to the 
next stringer may be considered as a part of the strut. 

Figure 173 shows the proper way of removing rivets from stringers. As 
noted, the chisel should cut parallel to the stringer, and a bucking bar should 
beheld against the opposite end of the rivet. 

Examples. —Figure. 174 shows a repair of a minor injury to a stringer as 
recommended by Dormer (Germany). Figure 174a shows the dent in the 
stringer. The stringer is of the closed type (hat section, see Fig. 125), so 
holes are cut in the skin for access in smoothing out the dent, for remo\'iag 
rivets, and for driving rivets. After the stringer has been bumped back in 
place, it is reinforced by a channel R, using the rivet holes already in the 
stringer. The holes cut in the skin for access are then covered by a cover 
plate of material a gauge thicker than the skin. No additional holes are 
drilled for this plate as will be noted. 

The objectional feature of this repair is that the outside surface of the 
skin must be marred. As an alternative method, the following may be 
considered: 
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1. Cut holes in the side of the stringer, instead of in the skin, to get inside 
the stringer to bump it back in place, to remove rivets, and to drive rivets. 

2. Remove.all rivets for about 3 in. on each side of the.repair. 



Fig. 173.—Removing rivets from stringer. Upper, wrong waylower, right way. 



• Pig. 174.—Dornier method of repair of stringer. 

3. Form a hat section of the same thickness of materials as the cover 
plate, about 6 in. long, to fit over the stringer. Cut holes in the side of the 
hat section to correspond to the holes cut in the stringer (see Fig. 175). 
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4. Fit the reinforcing hat section, over stringer, and rivet in place as in 
Fig. 175. 

Note: The additional area of cross section provided by this reinforcement 
is sufficient to amply regain the strength lost by cutting the holes in the 
sides of the stringer. The holes should • 
be as far from the ends of the patch as 
is convenient for working. 

Job Unit 31. Repair of a 
Semistressed Fuselage 

Airplane Parts.—^This includes the 
repair of the skin and formers of the 
skin. The Boeing 247 fuselage is taken Bio- 175.—Repair of stringer 
as an example. This fuselage (Fig. 176) 

has four longerons which constitutes the major frame of the fuselage. The 
skin- provides the resistance to torsion. It is reinforced by small hat 
sections called formers. These are called formers because they form the 
skin to the shape of the fuselage. They are also stiffeners, since they stiffen 
the skin against wrinkling. 




Fig. 176.—Semi-monocoque fuselage frame. Boeing 247. {Couttesy of Boeing 

Airplane Co.) 


Estimate of Strength Required.—^The members in this class are subjected 
to stresses, but in general the stresses are fairly low since the buckling of the 
skin and formers, and not the strength in tension, is the criterion or strength. 

The calculation for the allowable stress is not simple. It is best, there¬ 
fore, in this case, to adopt standard forms of repairs which wdll be strong 
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enough to provide for the strength in all eases. The following examples 
may be assumed to be standard for this general type of construction. 

Examples .'^—Figure 177 shows the repair of a dent in the skin. It is .the 
general practice to smooth out the dent, and cover as shown in Fig. 177a. 
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Fig. 177.—Repair of dent and .cut in fuselage semistressed skin. 
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. Fig. 1.78.—Repair of semistressed-skin fuselage. 


Figure 1776 shows the repair of a cut. 

Figure 178 shows instructions for replacing a panel and for splicing a 
stiffener. Instructions are given in detail in the figures. 

It is noted in the Manual that “in case of major repair or rebuild of fuse¬ 
lage, it is suggested that complete new sections of skin and formers be 

^ As given in “Maintenance Manual of Boeing 247.” 
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installed. Each, main repair base should have on hand print.s of Drawings 
15-2485, 15-2486 and 15-2487, for this purpose.'’ 

AtJTHORs' Note: This, in general, should be the procedure for major 
repair or rebuild of any airplane structure. 


Job Unit 32. Standard Repair of Small Holes i}<l In. to 1 In. in Diameter) 

in Thin Sheets 

Airplane Part.—^The thin skin cover of a wing, fuselage, fin, stabihzer, or 
control surface. (Not, in general, suitable for webs of wing spars.) 
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Fig. 179.—Failure in skin due to small holes. 


Estimate of Strength Required.—Figure 179 shows the effect of a small 
hole in a thin stressed skin. Note that on each side of the hole the stress, 
due to the elasticity of the material, is increased very greatly. The loss 



Fig. 180.—Standard reinforcement of small holes in thin sheets. 

in area due to a J^-in. to l-in. diameter hole will not, in general, be large 
enough to reduce the strength of the entire panel below its design value. 
The purpose of the patch then is to prevent the hole from spreading in the 
manner indicated in Fig. 179. 
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Examples .^—Figure 1-80 shows the standard reinforcement for holes up 
to 1 in. in diameter. Whether the reinforcement washers are single or 
double 'vv’ill depend on the nature of the stress, \dbration, etc. In any case 
the thickness of each washer shall be at least equal to the thickness of the 
sheet. ' 

Job Unit 33. Repair of Crack in Engine Cowl, Fillet, Wing Tip, and Other 
Nonstressed Sheets 

Airplane Parts.—Besides those parts mentioned in the title this includes 
also the fuselage nose of a bimotored airplane, and other fairing surfaces. 

Estimates of Strength Required.—These parts are supposed to be non¬ 
stressed. They are, however, subjected to vibrations and to the buffeting 
of the air stream. These stresses may become quite large, as a crack cer¬ 
tainly indicates. However, since the safetj^ of the airplane is not involved 
in the strength of these parts, the standard practice in repair is to stop the 
crack by drilling a small hole, M lo K in. in diameter, at each end of 
the craci^ and to cover the damaged portion with a patch bumped to fit the 
surface. 

Excessive cracking in an engine cowl indicates that undue stress is being 
transmitted to it. The cowl is a collar around the engine mount. The 
engine mount is supposed to twist in this coUar 
as the engine vibrates torsionally. (In general 
engine mounts are set in rubber so that this 
oscillation is possible. It reheves the load in- 
the structure and prevents the vibration from 
being transmitted to other parts of the air¬ 
plane.) It is therefore apparent that the 
cowling should be attached to the structure 
with allowance being made for the movement 
_ of the mount. If this allowance is not made, 

Fig. 181. —Repairing the cowl is subjected to a very heavy oscillat- 
crack in cover, such as ing load which soon cracks the material, 
engine cowl. . Example .—Figure 181 shows a repair of a 

vibration crack. The procedure is as follows: 

1. Drill a to 34-ni- hole at the end of the crack. This distributes 
the stress over a broader area, thus preventing a continuation of the crack. 

2. Cut a reinforcing plate of the same type and thickness as the cowl 
material and large enough to extend well beyond the crack on all sides. 

3. Bump the plate to the proper shape and drill the corner holes. 

4. W'ith the plate held in place, drill through the corner holes into the 
cowl. 

5. Hold the plate in place by screw's (that fit) placed in the corner holes. 

(It may be desirable, in order to retard corrosion, to paint the under side 
of the plate with a good grade of bitumastic paint before putting the plate 
in place. * 

^ As presented in “General Repair of Stressed Skin Structures,*^ Engineer¬ 
ing Report 432, The Glenn L. Martin Co. 
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6. Lay out and drill the remainder of the holes. Holes should be for 
^'3 2 “ 'to Ls-iii' rivets. 

7. Insert flat-headed rivets, heads out, and head on the inside. 

8. Remove screws in the corner holes and rivet. 

Job IJiiit 34. Repair of a Break in a Stressed Fuselage 

Estimate of Strength Required.—This is the same as for a flat stressed 
skin (see Job Unit 27). 

. Example .'^—(See Fig. 182.) The repair of the side skins of the fuselage, 
if only a crack develops is a little different from the repair of a hole. In 

W 

/ /Vo f /ess ffian -ft + v/fc/I/'} of river 
/ /lo/es ^ 


fes c/rij/ed 
to prevent . ' 
crcfck spreading 


Fig. 182.—Repair of break in stressed-skin fuselage. 

this case, it is riot necessary to clean a smooth hole the full length of the 
crack- However, it is important that a small round hole be drilled at each 
end of the crack. These holes will tend to prevent the erdek from spreading 
and thus insure a better repair job. The method of finding the number of 
rivets required and size of patch plate is the same as used in smooth stressed- 
skin repairs. See Job Unit 27. 

Job Unit 36. Repair of the Fuselage Bottom Skin 

Airplane Parts.—A belly landing, that is, with wheels retracted, as is 
sometimes desirable or necessary in a forced landing in a restricted space, 
quite generally rips up the bottom of the fuselage. This is especially true 
for a center-wing airplane. 

Estimate of Strength Required.—Fkitire sections are replaced in this 
case; and they are replaced according to the design dravrings and parts 
obtained from the manufacturer- The repair is a major one. 

Example .^—With reference to Fig. 183; 

1. Remove rivets attaching lower corrugations to longerons and remove 
entire corrugations in damaged area. The extent of the corrugations 

1 As presented in “General Repair of Stressed Skin Structures,” Engi¬ 
neering Report 432, The Glenn L. Martin Co. 
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removed in the fore and aft direction is to be governed by the transverse 
splices. 

2. Remove all lower rings, that are damaged, up to splice. In case it is 
not necessary to remove the entire lower ring, the ring should be cut well 
above the damaged portion and a new ring spliced on. This splice should 
be made the same as the splice connecting upper and lower sections of origi¬ 
nal ring. 

3. Rivet side skin to new lower-ring sections. 

4. Rivet new section of bottom corrugated skin to rings. This skin 
should be ordered from the Martin Co. as it is difficult to flatten the cor¬ 
rugations at the center line of fuselage and. at the longerons. If flattening 
is tried it should be done on heat-treated corrugated sheet as the corrugated 
sheet buckles badly during heat treatment. 



5. All splices necessary in smooth or corrugated skin must be made with 
the same lap and the same rivet spacing as used in adjacent splices. 

Authors’ Mote: The general procedure outlined in this specific example 
is an excellent guide for niiajor repairs of this nature. It would not be 
desirable or possible to give specific examples for all airplanes. 

Job Unit 36. Repair of Metal Trailing Edge of Fabric-covered Surfaces 

Airplane Part.—^The trailing edge, from the rear spar back, of some air¬ 
planes is covered with fabric. The purpose is to make the wing lighter, and 
to retard wing fluttering. The frame of this portion, including the railing 
edge, is made of metal. 

Estimate of Strength Required.—The stress in the member is bending due 
to the pull of the fabric and to the air load. A reinforcing plate of material 
of gauge thickness a httle greater than that of the original member, and 
riveted by a few % 2 -^- to M-in. rivets will make the member overstrength. 

Example .^—With reference to Fig. 184: 

1. In the case of a damaged traihng-edge strip, the me.thod- of repair is 
comparatively simple. The damaged portion is cut away. It is usually 
most convenient to locate the extremities of the cut centrally between 
trailmg-edge ribs. This permits the splice clips, for atta-ching the ne^v 
section, to be installed easily. 

^ Recommended by Glenn L. Martin Co. 
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2. Figure 184 shows a t\-pieai method of spUcing ends of trailing-edge 

strips. 


Job Unit 37- Repair of a Spar Web 

Airplane Part.—Read Pars. 159 to 167. 

Estimate of Strength Required.—There are two classes of webs. 

1. Thin webs which are supposed to wrinkle under load. 

2. Webs vrhich are designed on the basis of honwrinkling. 

The repair of the wrinkling-type web is very difficult. It would be 
desirable to replace the entire web if practical. It is not desirable to put a 
patch on the web, because of the wrinkling of the web and because of the 
bad effect of the rivet holes. A repair requiring no additional rivet holes is 
best. 

Note: Splice strip to be of 
same section as 


Flallen heads. strip 



{eg of strip Butt outside strips 

Note: Fabncto be repaired according 
to standard methods 
Fig. 184,—Repair of trailing edge. 

If there is room to double the web in thickness, a satisfactory repair can 
be made as follows: 

1. Consider four adjacent vertical web members which we may designate 
as 1, 2, 3, and 4. Call the bays between these web members A, R, and C. 
Assume the damage to the web is in bay B, which will be between vertical 
web members 2 and 3. 

2- Cut out the damaged web to within about 1 in. of verticals 2 and 3. 

3. Cut a new web, duplicating the old web, to extend on one side 1 in. 
past vertical 1 and on the other side, 1 in. past vertical 4. This makes the 
•new web cover bays A, R, and C. Rivet the web in place, using the 
original holes. 

4. In this repair, the web in bays A and C is doubled. This is necessary 
to transfer the load from the old web to the new web, and then from the new 
web to the old web again. This transfer, in general, cannot be successfully 
made by a vertical splice in the web, whether the splice be a lap joint or a butt 
joint. 
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The repair of a nonwrinkling iveb is a fairly simple job. The repair must 
be designed to resist shear. 

The design shear value for aluminum alloy is not over 35,000 lb. per. 
square inch; hence if this figure is used, the repair job should be of the 
required strength. Study Pars. 164 to 167 and the related figures. The 
shear acts vertically and horizontally with the same value. 

Example, —The following example is for the web assumed not to buckle. 

Note; A simple, and at the same time exact, rule cannot be given for 
determining whether a web is of the nonbuckling type or not. The manu¬ 
facturer can readily obtain this information from the stress analysis of the 
job. If the thickness of the web is greater than a hundredth of the distance 
between two vertical supports of the web, it is a nonwrinkling web. For* 
example, if this distance is 5 in. and the thickness of the web is 0.051 in., 



Fig. 185.—Repair of thin sheet metal in shear (web of beam). 

the web is a nonwrinkling \veb. This is a very conservative test; and the 
web may be non wrinkling with a skin of less thickness or with a spacing of 
verticals greater than 5 in. See Fig. 185; 

1. Assume web thickness of 0.064 in. Assume material to be aluminum 
alloy 17ST or equivalent. • 

2. Longitudmal shear to be resisted by the repair = 35,000 lb. X 0.064 in. 
X 4 in. = 8,960 lb. • Cah it 9,000 lb. 

3. Vertical shear to be resisted by the repair = 35,006 lb. X 0.064 in. 
X 3 in. = 6720 lb. 

4. Number of rivets on each of upper and lo'wer side of .line AB 

(see Table XVIII), = 9*^0^828 = H rivets. 

5. Number of rivets on each side oh vertical hne MN = =9 

rivets. 

6. See Fig. 185 for approximate distribution of rivets. 

7. The size of the patch wall depend upon the space available. The rule 
to foUow is to make it about three times the dimension of the hole in each 
direction, if posible, but in any case large enough to satisfy the standard 
rules of riveting. (See Par. 195.) 

Job Unit 38. Repair of the Flange of a Beam 

Airplane Part. —Flanges of wing spars, and vertical fin and horizontal 
stabilizer spars. 
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Estimate of Strength Required.—The flange of an aluminum-alloy spar, 
in general, is designed for a compressive load. It falls therefore under the 
classification of struts. In this case, the design allotvabie stress is 40,000 Ib. 
per square inch. The design stress in tension, allowing for rivet holes will 
not be over 45,000 lb. per square inch, hence if the higher value were used, 
all eventualities would be met. 

The total load to be ca^rried by a repair is therefore 45,000 times the area 
of the cross section of the flange. 

In general, it would not be difficult to make the flange repair stronger than 
the original flange. 


a03J" 




ExarnpZe. —Figure 186 shows a neat repair of a flange, recommended by 
Dornier (Germany), which exhibits aU the fundamentals of compression- 
member reinforcements. 

Figure 186a shows the damaged flange. Figure 186& shows the reinforce¬ 
ments in place. It will be noted that the rivets have been removed and that 
reinforcing plates entirely encircle the original flange. The reinforcement is 
long enough to extend well over two adjacent flange supports A and B, and 
ties in the* diagonals of the web members. Three methods may be used in 
riveting through the walk of the closed tube: 

1. Tubular rivets could be used. 

2. A device similar to that of Fig. 157 could be used. 

3. Holes could be cut in the insert (lower part of flange) for inserting and 
bucking rivets. 

If it were necessary' to remove a portion of the flange, for example, the 
portion betw-een M and N in the figure, the form of the repair would be the 
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same. The thickness of the material -would be the same or one gauge thicker 
than the original flange thickness. The rivets necessary on each side of the 
cut-out section would be calculated as follows: 

1. Area of cross section removed is a little less than (4 X 1 in. + 2'?r X 
1 in.) X 0.081 in. = 10.28 in. X 0.081 in. = 0.835 sq. in. 

2. The load to be carried by the rivets is 0.835 X 45,000 lb. per square 
inch = 37,600 lb. 

3. For this thickness of material,- M-in. rivets would be used, or else the 
size already in the flange. 

4. Strength of .l^-in. rivets in shear = 1472 lb. (See Table XX.) 

5. Number of rivets required =. = 26 rivets. 

6. If rivets were used, the number required would be 

3 760 0-^2 8 = 46 rivets. 

7. The figure shows the arrangement for about 50 rivets. 


Job Unit 39. Repair of the Leading Edge of a Wing 

Estimate of Strength Required.—The leading edge of a wing may or may 
not be a stressed member of the wing structure. 

1. If the leading edge is attached to the wing so that it may be readily 
removed for inspection, etc., by the removal of a few screws or bolts, it is 
not a supporting member of the wing. The leading edge in this case is 
required to carry only the air load distributed over its surface. These ^r 
forces are, however, quite large, and the buffeting on weak or loose sections 
is quite -vdolent. No special calculation is necessary in determining the 
strength required; but care-should-be used that the original strength, and 
especially the original rigidity, are maintained. As to the size of rivets, 
thickness of sheet, etc., follow the practice indicated in the original structure. 
Small holes may be repaired according to Job Units Nos. 31 and 32. If the 
damage is more extensive, such as may be inflicted by fence posts, etc., in 
a forced landing, then a new section should be built in with the same char¬ 
acteristics as the original section. If a new section is inserted, it should 
terminate at each end by lapping over nose ribs far enough to permit satis¬ 
factory^ riveting to these ribs, . 

2. If the leading edge is an integral part of the wing, such as in the case of a 
single-spar vdng (see Par. 170), then the leading edge is a major stress 
member of the wing and as such must be repaired by a stress-carrying patch. 

The principal stress to pro\dde for is shear, since the leading edge of a 
single-spar wing together wdth the spar form a tube which resists twisting 
loads on the wing. An allowable skin stress of 35,000 lb. per square inch 
may be assumed. A repair designed on this basis will be satisfactorily 
overstrength. 

Example .—The calculation vdll be the same as in Job Unit 37. 

If the repair is extensive, a section of the leading edge may be removed and 
a new one installed, using the removed section, or an adjacent section nearest 
the root of the wing, as a pattern. 
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Job Unit 40. Repair of Metal Nose Covers on Fabric-covered Wing Flaps 
Leading Edges of Controd Surfaces 

Example ,-—See Fig. 1S7. The repair of this nose cover requires the 
removal of all fabric adjacent to the damaged portion. The size ox this 
cover plate prohibits the use of handholes as an.aid in attaching the repair 
sheet. The simplest method is to remove a complete section of the nose 
cover and install a new one. Lap splices should be made at a nose rib as 
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Fig. 187.—Repair of metal nose covers on fabric-covered wing flaps. 


this insures a rigid joint. Tools for bucking the attaching rivets may be 
inserted between the torque tube and the short side of the nose cover. The 
gauge of the repair sheet should be the same as the original nose cover. 

Repair fabric according to standard methods. (See Chap. XIII.) 

Authors’ Note: This type of repair is also satisfactory for the leading 
edges of control surfaces. 

Job Unit 41. Repair of Metal-covered Stabilizer 

(Applies to Vertical Fin also» 

Example.^ See Fig. 188. In this type of structure all sections are com¬ 
pletely closed, making any repair to the skin rather difficult. Breaks in 
the skin that can be cleaned out to a hole of size not over 5 in. in diameter can 
be repaired by installing a standard handhole. The hole should be rein¬ 
forced by attaching a hea^w ring on the inside of the skin. This ring should 
be about two gauges heavier than the skin. The cover plate should be at 
least the gauge of the skin. A gauge heavier is preferable. The cover plate 
must be screwed on, requiring the installation of elastic stop nuts, or a 
provision for tapped holes in the reinforcing ring. The use of Elastic Stop 
Nuts is usually most convenient. 

1 As recommended in “General Repair of Stressed Skin Structures,” 
The Glenn L. Martin Co. 






264 


AIRPLANE MAINTENANCE 


[Chap. XII 


In case the damage is too large to repair by means of a handhole, the 
entire panel may have to be removed; or at least a large portion of it. If the 
entire panel is replaced, the new panel should be riveted to the front spar 
first. This permits the rear end to be raised, and the introduction of 
bucking tools through the opening. To aid in riveting, a handhole mav be 
assembled on the repair plate before the plate is attached to the stabilizer. 
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If only a portion of the panel is removed, the transverse splice should 
come at a skin stiffener. A handhole may also be incorporated in this repair 
plate if desired. The method of attachment should be the same as that 
for the entire panel repair. * 

In case any of the above repairs are necessary in the flotation compart¬ 
ment, the watertight riveting and sealing conditions must be met. 

The above instructions are apphcable to repairs'to the nose cover of the 
stabilizer. 
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Job Unit 42. Repairing Seaplane Floats 


Example .'^—(See also Removal of Rivets, Par. 204, and heading Rivets in 
Repair Work, Par. 196.) 

Straiglitening Dents.—K a float has been slightly dented, it can be ham¬ 
mered back into shape by placing a flat piece of wood against the deformed 
part and hammering on the projecting material with a wooden maUet. A 
stick of wood pounded with a hammer "will often reach spots vrhere a mallet 
cannot be used. Where dents have produced very sharp bends in the metal, 
they can still be hammered out, but in this case it is advisable to reenforce 
them by putting on a patch (as described in the paragraph on Patching), 
even though the flattening out of the metal has not caused any apparent 
cracks. 

As previously noted, the portion of the bottom just forward of the step 
plays a most important part in the take-off characteristics of the floats, and 
if it is even slightly dented or deformed, it may make itself felt by a tendency 
to porpoise or nose over in high-speed conditions on the water. For this 
reason, even small dents must be corrected in this area, but with this excep¬ 
tion they had probably best be left alone, since hammering changes the 


molecular structure of the metal, weakening it and making it more subject 

to corrosion, and in the absence of heat- _ ___ 

treating facilities as little should be done 
as possible. 

Patching.—Welding any part of the / /0 V 2 '\ 
floats must be absolutely prohibited since f f .1^!. \ 

it is extremely difllcult to accomplish and ! {-; \ 

at the same time would destroy the ^ ^ 

strength of the heat-treated metal as well \ 1 % / 

as the Alclad protective film. For this \ ‘ /I ^ / 

reason where the metal has been cracked, 
punctured, or requires reinforcing, a 
patch is always applied, and the operation 
. should be performed with care. ^ " 

Never try to -patch over a dvrited or tom 
piece of metal until it has been hammered 

back into shape as described above. Before making a patch, the paint 
should be removed and the region of the damage carefully examined 
for cracks or tears radiating from the edges; and these should all be cut 
away. Having determined the extent of the damage, the edges should 
be trimmed out with shears or a hacksaw, so as to form a symmetrically 
shaped hole with sound metal all the way roimd, and carefully smoothed 
down with a file. (See Fig. 189.) 

The next step is to cut out a patch large enough to overlap the edges of the 
hole by approximately ^ in. all the way round, using Alclad sheet, one or 
two gauges heavier than the damaged material. A row of rivet holes should 
then be laid out and center-punched on the patch, 34 from the edges 

of the patch with a spacing of in. on centers. Unless the material is over 
1 As recommended in “Service Manual,” Edo Aircraft Corporation, 
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0.040 in. thick, rivets of I^-in. diameter should be used; for heavier gauges, 
532 -m. rivets should be used. 

To apply the patch (see Fig. 190) three or more holes should first be drilled 
through both the patch and the piece under repair, and machine screws should 
be put in so as to hold the patch in place- until the balance of the drilling 
and riveting is completed. Be sure to have the patch set firmly against 
the float before drilling or the holes are likely to be found out of alignment 
when riveting is started. The patch should alivays he applied from the outside, 
and drilling will be greatly facihtated if a block of wood is held against the 
metal from the inside. To insure watertightness and to prevent corrosion, 
cotton cloth or seam tape, thoroughly soaked in Bakelite seam compound 
should be placed between the patch and the metal under repair. This same 
procedure should be followed in making up any other watertight joints or 



Fig. 190 .—For drilling and assembly, hold patch on with machine screws. 


seams in the repair of the floats, and although the cotton is omitted in non- 
watertight joints, such as auxihary framing between bulkheads, the surfaces 
should none the less be painted with seam compound before riveting in place. 

Patching with Screws.—Where rivets are not available or where, because 
of lack of time or facilities, it is impractical to use the rivets, Parker-Kalon 
thread-cutting metal screws or steel machine screws may be used for tem¬ 
porary repairs. Both are put in with heads on the outside and can generally 
be purchased from any hardware jobber. Since Parker-Kalon screws are 
set with a screw driver, they have the advantage of not requiring any atten¬ 
tion from the inside of the float, which is of great value in emergency use 
and where difficult spots must be reached. It is very important, however, to 
use exactly the right size of drill before setting them in place, since otherwise 
their effectiveness will be much impaired, and for this reason a special drill 
of the correct size is included in the standard Edo repair kit. The correct 
size win also generally be found marked on the box of- screws. The screws 
should be long enough to protrude through the sheets with one thread 
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showing- Both machine and Parker-Kalon screws are, of course, only 
temporary and should be replaced with rivets at the first opportunity. 

Removing Decks (See Fig. 191).—Removing the decks gives good space 
to work in and often means quicker and better results in case of a general 
overhaul or major repairs. It is accomplished by knocking out the rivets, 
and w'here the damaged area is localized, it may save time to remove only 
the section of deck between two bulkheads. This is done by cutting the 
deck sheet with a drill and hacksaw. To make the cut strong and water¬ 
tight when replacing it, an extra strip about \}4 in. wide is lapped over the 
joint. In the shop two men can generally remove the decks of an average 
size pair of floats in a morning and put them back in a day. 



The same holes are used in putting decks hack. The rivets fastening the 
deck to the stringers and bulkheads are put in and bucked from the inside 
by reaching through the handhole covers, and riveted in the usual manner. 
In case of floats having an outside seam, however, the rivets can be squeezed 
with a considerable saving in time. A large ware cutter about 3 ft. long 
with specially cupped jaws can be used for the purpose. Such a tool can 
be supplied by Edo or made up at any machine shop. 

Special Precautions must he taken in removing and replacing decks on those 
float models in which the spreader tubes are attached to the upstanding 
seams (see illustration) m order to be sure that the strength of the fitting is 
not impaired. The danger hes in improperly replacing the steel TJ-clip, 
and every effort should be made to use the original holes for the rivets, since 
drilling new holes would seriously weaken the vertical stiffener. If new 
deck and slide sheets and vertical stiffeners are used, it is extremely impor¬ 
tant to see that the U-clip is driven firmly home before drilling since other- 
w^ise the holes might only pierce the edge of the metal, resulting in a complete 
loss of strength in tension. 

Replacing Sheets.—Where a large area is damaged it makes a better job 
to remove a section of the sheets instead of trying to put in a very large 
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patch. Such a replacement should extend at least the length between two 
bulkheads, and the joints should be made at the bulkheads, rather than 
between them. In splicing on a new sheet a double row of rivets should be 
used on the bottom, although a single row will suffice on the side. In most 
cases it is easier to put both rows on the flanged side of the bulkhead. 
Although it takes more time, it makes a better job if a reinforcing strip is 
put on the inside of the bulkhead flange. It is very important that the old 
holes in the original metal maich exactly with the holes drilled in the replacement 
sheet or patch. Otherwise^ if new holes are drilled between the old holes, this 
procedure will so weaken the sheet as to affect its strength seriously. 

To insure matching of the holes either drill the patch from the inside 
using the old holes as a guide, or else mark the patch very carefully with a 
pencil so that the center of the mark is exactly over the center of the hole. 
In thin sheets, in cases where a drill will not reach a hole from the inside, it 
is possible to push a sharp instrument^ such as an ice pick Or center pimch, 
hard up against the inside of the sheet. By hammering lightly on the out¬ 
side of the sheet with a mallet a slight projection results which can serve to 
locate the hole. 

Repairs of Buckling Internal Failures.—If the side sheets have been 
slightly wr inkl ed by very hard landings, they can be bumped out by bracing 
the outside of the float at the bulkheads and hammering from the inside 
with a board hit by a w’ooden mallet.. The stringers can generally he straight¬ 
ened in the same manner, and it is then advisable to rivet some extra ones on 
the inside to keep the damage from spreading. If the float is buckled to 
a point where there is a sag of more than 3^ in. in the deck line or the bottom 
stringers in the flat portion forward of the step, or if the side-sheet vrrinkles 
are very sharp, it will probably be necessary to remove the deck to make a 
thorough inspection, and replace those stringers which are bent. 

There is also a possibility that the sheets w^ill have been strained so that 
they may crack when straightened. If this is the case, it is generally advis¬ 
able to remove the damaged ones and splice on a new section. 

In the case of a float which has been seriously buckled the bulkheads should 
also be carefully examined for buckling or cracks, particularly at the bottom 
near the flange. If the buckle is not bad, it can be hammered out and a 
reinforcing plate fastened on. This should usually be flanged over and 
fastened on the opposite side from the existing flange. If the buckling is 
so bad that the bulkhead has cracked, it is advisable to saw out* the bottom 
half and rivet on a new portion. Bulkheads of production floats are gen¬ 
erally stamped at the factory to standard sizeSj and it is usually easier and 
cheaper to obtain a new one than to try and form one. Except in cases of 
minor buckling, it will generally be necessary to remove the bottom as well 
as the deck in order properly to replace a section of bulkhead. 

Repairs after Serious Crashes.—So long as either the deck or the keel 
of the floats remains straight and the whole structure has not been logged 
and buckled, repairs in the field can generally be made as described in the 
previous paragraph. A pontoon which has actually been buckled in a 
crash, however, is very difficult to repair mthout replacing it on an assembly 
jig, since a whole section wdll probably have to be removed. If the' damage 
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appears to be of such, a very serious nature, it is ad^usable to have photo¬ 
graphs taken from several angles and sent to the factory with as com¬ 
plete a description of the damage as possible, so that detailed advice can 
be given. 

Sometimes as a result of a serious crashy or where the propeller has cut through 
the float owing to a strut failure^ it is found that the bow of the float is hope¬ 
lessly^ damaged whereas the rest of it is in excellent condition. In cases of 
this sort it is freqtiently practical to cut away the entire damaged portion 
and splice on a new section supplied from the factory. 

Repair of Struts.—In the case of crack-ups where struts and spreader 
tubes have been damaged, the struts themselves can generally be repaired 
by welding on reinforced sleeves or patches of ordinary aircraft sheet steel 
or tubing, but it is important to be sure that repaired struts are oiled inside, 
drained, and hermetically sealed so as to prevent internal corrosion. The 
spreader tubes, however, are generally made of dural or chrome-molybdenum- 
steel tubing which has been subjected to heat treatment, and in a number of 
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Fig. 192. —Repair of damaged skin in floatation compartment (Martin recom¬ 
mendation). 


cases certain struts have been designed in the same manner. Obviously, 
such parts cannot be welded without destroying their strength, and factory replace¬ 
ments are generally required. For these reasons it is advisable to secure 
advice from Edo or an authorized representative before attempting strut 
repairs. 

The following paragraph on repair of damaged skin in flotation compart¬ 
ment is as recommended in ^‘General Repair of Stressed Skin Structures, 
■The Glenn L. Martin Co. {see Fig. 192). 

Damaged skin in this compartment is repaired in the same manner as 
previously discussed for (see Job Unit 27) smooth-skin repairs (see 
Job Unit 26) and corrugated-skin repairs. Besides being strong enough 
to carry the .necessary load, patches in this compartment must also act 
as seals. This is done by putting sealing compound under the patch 
and using a watertight rivet spacing around the edge of the patch. 

* Authors' Note: This, as the student will note, pertains to the very large 
type of floats. 
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Job Unit 43. Repair of a Torque Tube 

Airplane Part.—Torque tubes for ailerons, rudders, and elevators. The 
tubes may be round, or they may be the nose section as shown in Fig. 194. 

Estimate of Strength Required.—^The stress, of course, is shear. The 
maximum allowable which can be developed is not over 35,000 lb- per square 
inch. In general, the allowable stress is much lower than this because the 
tube will buckle at a lower stress. 

Example .—Refer to Fig. 193. Assume the tube is to be spliced. This is 
the severest case in repair. 

Assume aluminum-alloy-tube wall 0.051 in. thick. Assume the outside 
diameter of tube to be 4 in. 



The area of cross-section of metal cut is 4x X 0.051 in. = 0.64 sq. in. 
Total shear to be transmitted by rivets = 0.64 sq. in. X 35,000 = 22,400 lb. 
Rivets required (see Table XX) = 22,400/575 = 39 rivets. 

Head rivets in staggered rows are as noted in Fig. 193: 3 row^s of 13 rivets 
per row. The pitch of the rivets (around the outer circumference of the 
repair plate) is determined as follows: 


Pitch 


7r[4 + (2 X 0.051) 
13 


12.9 

13 


0.992 in. 


To make the repair, construct a jig to hold the two ends of the tube in 
position while the repair is being made. The reinforcement should be cut 
to size and pre-formed. Rivet row 1 first, then row’ 2, row’ 3, etc. 

In riveting, the rivets may be pushed in from the outside against a bucking 
bar, as show’n in Fig. 157. Head the rivet with an air hammer placed against 
the head of the rivet. The operator should keep the bucking bar wrell up 
against the rivet, but he should be careful that the rivet head is not forced 
away from the metal. 

The repair should not be too long, in this case, nor should the rows of rivets 
be too far apart, as the elasticity of the tubes allows them to tw’ist slightly, 
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thereby developing a tendency to throw the entire load on the outer rows of 
rivets. The closer together the rows of rivets are, the less is this effect. 
However, if the rows are too close, too much area in a small space will be 
cut away in drilling the rivet holes, thus weakening the section. 

The repair of the tube in Fig. 194 is 
accomplished in the same manner as 
described above. 

Job Unit 44. Repair of Ribs 



Airplane Part.—Ribs of wings, stabi¬ 
lizers, fins, and control surfaces. 

Method of Repair.—Ribs are generallv -r, • n j 

, , , . , 1 . - ■ * Fig. 194. Repair of leading edge, 

repaired hy replacmg the damaged sections. 

The original rib serA^'es as a pattern in this case. 

If sphees are to be made, the technique used in the repair of struts (Job 
Unit 28) or in the repair of stringers (Job Unit 30) should be used. Diagonal 
bracing in the ribs are struts, and the chord members of the ribs correspond 
to stringers. 

Job Unit 46. Repair of Semimonocoque Engine Nacelle 

In general, the repairs given in job units for fuselages will also apply to 
such engine nacelles. 


Job Unit 46. Repair of Dent in a Steel Tubular Stmt 

Example ^—Refer to Figs. 93, 94, 95, and 171. Occasion sometimes 
arises for repair or replacement of a damaged tubular member in a steel 
structure. 

Practically all steel tubing used for structural purposes in aircraft is of 
chrome-molybdenum material (S. A. E, 4130) and is most often in the 
normalized condition (95,000 tensile strength). Some members, however, 
are designed for higher physical properties and require special heat treat¬ 
ment before assembly in the structure, for example, fuselage members 
receiving high-compression loads from landing gear, wing cell, etc. Welding 
temperatures destroy these high properties locally in cases ivhere welding is done 
after heat treat?nent. If the higher properties are required for greater column 
strength, local heating near the ends, as in welding at the fittings, may be 
done without adversely affecting the column strength. 

Before attempting a field repair which involves welding of an existing 
structure, a careful study should be made, preferably by engineering per¬ 
sonnel, of the drawings and loads carried by the member to insure that 
proper consideration is given such matters. 

If Such a study disclosed that no special properties are required, small 
dents and damaged parts may be repaired, reinforced, or replaced, as 
indicated in Figs. 93 to 96. 

^ As given in “Maintenance Instructions, Shrike Design GOA,” The 
Curtiss Aeroplane and Motor Company, Inc. 
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Review Questions 

1. State the general requirements to be met in the repair of a metal 
airplane structure. 

2. How does a repair of a highly stressed member of a structure differ 
from the repair of a nonstressed member? 

3 . Make a list of the tools necessary in the repair of an aluminum-alloy 
structure. 

4 . How is an automatic air hammer used in heading a rivet? 

6. Explain how to remove rivets in making repairs. 

6. Explain how to prepare a damaged section for a reinforcement plate. 

7 . Discuss three ways of obtaining the load which must be carried by 
the repair of a highly stressed member. 

8. Why is a stress analysis made in the shop not reliable? 

9. What allowable shear stress may be safely assumed for aluminum 
alloys? 

10 . How may a strut be repaired? 

References 

1. Youxger, J. E., Mechanics of Aircraft Structures/’ McGraw-Hill 
Book. Company, Inc., Xew York, 1942. 

2. ‘^General Repair of Stressed Skin Structures,” Engineering Report 432 
(prepared by M. Maxfield), Thq Glenn L. Martin Co., Baltimore,- Md. 
(Note: The entire report is reproduced, by permission, in Job Units of 
chap. XII.) 

3. Service Manual,” Edo Aircraft Corporation, College Point, Long 
Island, N. Y. 

4. “Erection and Maintenance Instructions, Shrike Design 60A,” The 
Curtiss Aeroplane and Motor Company, Inc., Buffalo, N. Y. 

5. Handbook of Instructions for the Maintenance of the Model DC3-178 
Airplane,” Douglas Aircraft Co., Inc., Santa Monica, Calif. 

6. “ Maintenance and Service Manual Boeing Model 247,” Boeing Air¬ 
plane Company', Seattle, .Wash. 

Questions for Thought and Study of References 

1 . Prepare a job unit for the repair of a Z-section stringer in a semi- 
monocoque wing. 

2. In semimonocoque fuselage construction, are the bulkhead rings gener¬ 
ally cut out for the stringers to pass through, or are the stringers generally 
cut out for the bulkhead rings to paiss through? W'hy? 

3 . Suppose it is necessar 3 ^ to cut a small door in the side of a fuselage, 
thereby cutting a stringer, how would you reinforce the door frame to 
carry the load? 

Outline a static test to prove the strength of your design. (Note: This 
change of structure would require the approval of the Department of 
Commerce.) 



CHAPTER XIII 


REPAIR OF WOOD, WIRE, AND FABRIC STRUCTURES 

Many of the small airplanes are still made of wood, wdre, and 
fabric, and the control surfaces of some of the modern transports 
have fabric surfaces for lightness in the prevention of fluttering. 
* Woodworking is also important in metal construction, since the 
forms for shaping the metal are made of w-ood. 

207. Woods in Aircraft Construction.—^The principal woods 
used are: 

а. Spruce. —Light, high strength, fair stiffness, fairly tough, easily worked, 
and is generally free from hidden defects. Used for ribs, etc. 

б. Douglas Fir .—^About like spruce, but a little heavier, and is more 
liable to check, crack, or split. 

c. Ash .—About 50 per cent heavier than spruce, strong, tough and very 
straight-grained. Bends well when steamed. Used for bent work. 

d. White Pine .—^Less stiff, softer, and less tough than spruce, quite uni¬ 
form in structure, with few hidden defects. Easy to work; glues well. 

e. Birch .—Classified as hardwood, very tough and resistant to w’ear, 
has uniform grain and takes fine finish, heavy. Used generally in making 
plywood. 

See Table XXII for other properties of these aircraft tvoods. 


Table XXII.— Properties of Aircraft Woods 


Material 

Specific 
gravity 
when dry 

W^eight, lb. 
per cu. ft.; 
moisture 
content at 
15 per cent 

Modulus 
of rupture, 
maximum 
stress in 
fibers at 
breaking 
point, lb. 
per sq. in. 

Modulus of 
elasticity, 
lb.-in., 
units 

Shearing 
strength 
parallel to 

Aver¬ 

age 

Mini¬ 

mum 

grain, lb. 
per sq. in. 

Spruce. 

0.40 

0.36 

27 

9,400 

1,300,000 

750 

Douglas fir.. 

0.51 

0.45 

34 ’ 

11,500 

1,700,000 

810 

Ash. 

0.62 

0.56 

41 

14,800 

1,460,000 

1,380 

White pine.. 

0.42 

0.38 

27 

9,300 

1,310,000 

640 

Birch. 

0.68 

0.58 

44 

15,500 

1,780,000 

1,300 
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208. Characteristics of Wood.—^The usefulness of woods is 
affected by the following factors: 

1. Method of Sawing. —Plain sawing which produces flat-grained lumber, 
and quarter sawing which produces edge-grained lumber. In the first 
case the lumber warps less and does not split and crack so badly. In the 
second case, it is cheaper to cut, and if knots are present, they are round 
instead of spiked. 

2. Co7?ipositio7i. —Cellular honeycombed structure, has hard annular 
rings called summerwood and soft annular rings called springwood. Too 
much springwood causes brittleness. The strength is approxima^ly pro¬ 
portional to the weights of similar pieces, that is, to the specific gravity. 

3. Moisture Content. —The moisture content should be about 15 per cent. 

4. Diagonal and Spiral Grain. —^The limit of this type of grain is a 1-in. 
deviation in 15 in. 

5. Compression Failures. —These may have been caused by a storm bend¬ 
ing the tree, or by a high stress in the falling of the tree. Look for hairhnes 
across the grain of the wood. 

209. Glues and Gluing.—Casein glue is used in aircraft con¬ 
struction and in making molds for forming thin-sheet-metal 
.structures. 

Casein glue is composed of casein (the curd of milk, washed 
and dried), lime, and water. It comes in two forms: (1) In dry 
form, ready to be added to water; and (2) in the form of the 
various ingredients to be combined at the time of mbdng with 
water. The first is prepared glue, and the second is wet-mix glue. 

In mixing the glue, a mechanical mixer is generally used, but 
it can be mixed satisfactorily with a paddle. The glue should 
be poured slowly into the water while the mixture is being stirred. 
Care should be taken that lumps do not form. When the pow-der 
is thoroughly mixed in water, it should be allowed to set for 15 to ' 
20 min. for the proper chemical action to take place, and then 
again stirred for about 5 min. 

The glue is spread with a brush. The spread should be thick 
enough to make the film continuous and to insure that the glue 
has penetrated the cells of the w^ood. 

The wood to be glued should be dry. The surfaces of contact 
should be planed smooth, and 'all sawdust particles removed. 
The surface of contact should first be washed in a solution of the 
glue made thin with a glue-to-water ratio of 1 to 3. This is called 
sizing. 



Sec. 211] REPAIR OF WOOD, WIRE, AND FABRIC 


275 


Pressure is applied to the joints by nails or special clamps. If 
no glue is pressed out in the clamps, the joint is said to be chilled 
or dried. If the glue is mostly squeezed out of the joint, it is said 
to be a starved joint. 

Splicing. —^This is usually accomplished by beveling the ends 
of the members to be spliced, at the same angle, and gluing the 
beveled surfaces. This is called a scarf joint. A 1 to 10 slope 
is satisfactory for plain wood, and 1 to 20 or more for pl 5 rwood. 
The beveling may be readily accomplished by the use of a jointer. 
Guide blocks, vdth the proper 1 to 10 or 1 to 20 slope, should 
be used to give the material the proper angle with reference to the 
cutter of the joints. 

210. Airplane Fabrics.—^Two kinds of fabric are popular in 
aircraft use, linen and cotton. A high grade of cotton fabric is 
generally used in this country. It is specified as grade A. The 
weight per square yard is 4 to 4:5 oz. and its strength is about 
80 lb. per inch width. 

The principal requirements of a fabric surface are as follows: 

1. The fabric should be securely attached to withstand the heavy loads 
it is required to carry. 

2. The fabric should follow smoothly the contour of the surface. It 
should not sag between the supporting ribs. 

3. The surface should be smooth and taut. 

4. Provision should be made for inspection. 

5. Holes for drainage of water should be provided. For this purpose 
grommets are inserted in the fabric. 

211. Equipment Required in Fabric Work. 

1. ‘ Airplane-fabric sewing thread, size to 2^^ for machine sewing, and 

^'3 to for hand sewing. 

2. Cord for sewing fabric to vung ribs, approximate strength 40 lb. 

3. Beeswax to coat the rib cord to prevent fraying. Oil for this purpose 
will ruin the doped finish. 

4. Dopeproof paint for applying to wood and metal surfaces which come 
in contact with doped surfaces. 

5. Long rih-cord needle (10 to 16 in.), long enough for sewing fabric to 
wing ring. 

6. Curved needles for making stitches in a tightly stretched fabric. 

7. Reinforcing tape which is placed under all cord lacing to prevent the 
cord from tearing out through the fabric; F 2 to ha.- wide. 

8. Finishing tape for covering reinforcing tape and other surface imper¬ 
fections. 
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9. Drainage grommets to be placed in low spots to allow drainage of 
moisture collected internally. 

10. Tacks for permanent and temporary use. 
Monel-metal, tinned-iron, or brass tacks are best, 
as they do not corrode. 

212. Seams, Stitches, and Knots.—Figure 



Plain overlapseam 
-H . 


French Fel seam 


Folded -Pelseam 


English fel seam 

Fig. 195.—Airplane 
fabric seams. 


195 shows the types of seams generally used; 
they are the plain overlap, the French fell, the 
folded fell, and the English fell seams. 

The seine knot is generally used to lace 
cloth to ribs. This knot is showui in Fig. 196. 



1st step 2nd step 

Fig. 196. —Seine knot. Hold tension 


in J until loop K is tightened. * 


The cord is laced entirely around the. rib, thus binding both the 


upper and lower surfaces of the fabric, 
unless provision is specifically made 
for lacing otherwise (see Fig. 197). 

213. Aditional Information. — If 
much fabric work is to be done, the 
student should refer to “Airplane 
Construction and Repair,” by J. E. 
Younger, McGraw-Hill Book Com¬ 
pany, Inc., Chap. IX, or to U. S. 
Army Specifications, No. 98-24108-H, 
Jan. 18, 1930, or later specification, if 
published. See also Job Unit 47. 

214. Doping Fabric Surfaces.—The 
following rules are generally followed 
in doping fabric surfaces: 

1. Kinds of Dope.—Acetate and nitrate. 
The latter is generally used because it has 



better tightening qualities. It is Infiammdble. 
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2. Purpose. —To give tauimss to fabric, to provide a smooth surface, and 
to add strength to the fabric. The pigmerded dope protects the clear dope 
from the destructive rays of the sun. 

3. First Step. —^Lay the work to be doped on a flat surface so that the 
dope will not run. Apply a light coat of clear dope with a 5-ia. brush; apply 
quickly without repeating strokes. Allow to dry; time, about 3 hr. in 70® 
to 80®F. dry room air. 

4- Second Step. —Binding tape and grommets or breathers: cut strips of 
234" 2}4-^- tape long enough .to run from trailing edge, over the top 

surface of the wing around the entering edge and back to the trailing edge to 
cover each rib, including butt rib. Cut a strip to run from the entering 
edge to the butt rib along entering edge around the tip to the trailing edge, 
and another strip to run from the trailing edge of the butt rib to the trailing 
edge of the tip along the trailing edge of the surface. Tack the center of 
the strips to be placed over each rib to the entering edge of each rib, roll 
the two ends up, and clip with a clothes pin, one end being tacked to trailing 
edge of the butt rib. 

From a piece of fabric which has previously been tacked on a frame— 
which has been given one coat of dope and allowed to dry—cut a Sufficient 
number of circular pieces in. in. diameter so that one piece will be avail¬ 
able to go on the surface 1 in. from the trailing edge on the under side between 
each rib. With a shoemaker’s eyelet set insert a small shoe eyelet in the 
center of each circular piece of fabric. These are for the breather holes. A 
punch to cut but these circular pieces can be made by sharpening the end of a 
piece of pipe. 

5. Third Step. —Second and third coats of dope. If the surface is suffi¬ 
ciently dry by this time, the second coat of clear dope can be brushed on, 
starting at one end and doping the binder and breather patches on as their 
location ’is reached. An experienced doper, can dope the binder on between 
the ffist and second coats by using a brush the same wddth as the binder and 
by not allowing the dope that he puts the binder on with to smear the area 
on either side of the binder. This ehminates the flat appearance of the 
binder noticed on so many wings, for by doing this the binder has the same 
number of coats of dope as the rest of the fabric. The better method for 
the beginners is to put all binders and remforcing patches on with the second 
coat of dope. When the second coat of dope is dry and the fabric has tight¬ 
ened all it will,.the third coat of clear dope is brushed on. Each coah of 
dope after the second coat should be sanded lightly with No. 320 or No. 240 
water sandpaper. 

6. Fourth Step. —Applying pigmented coats. The next two- coats being 
aluminum-pigmented, the pigment should now' be mixed rvdth the clear 
dope. The best method to determine the amount of pigment being put 
into the dope is to sift the pigment in slowdy, stirring thoroughly and testing 
from time to time for color by dipping a clean piece of wood into the dope. 
When the density of color desired is noted on the stick, stop stirring pigment 
into dope. 

The pigmerded dope is applied exactly the same as the coats of clear dope 
were applied, allowing a sufficient length of time between coats for the dope 
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to dry and for the fabric to tighten. Very often flat or chalky-looking 
streaks 'vriil be noted on the doped surface. These are called blushes _ and 
are caused by dampness in the air. They can be removed by spraying with 
dope thinner or by wiping the blushed places slightly with a rag soaked with 
thinner or blush reducer. 

Dopin-g should not he attempted in rainy weather unless the air in the doping 
room has been dried artificially. For the health of the worker, good ventila¬ 
tion, lighting, and heating in the dope room are essential. 

The aluminum pigment is used in this case to form a base for the colored 
lacquer. Aluminum, when used as a base, cuts down the quantity of lacquer 
necessary to bring the work up to the color desired and also forms about the 
smoothest base obtainable. 

7. Fifth Step. Lacquer spraying. The lacquer is mixed generally in the 
proportion of 50 per cent lacquer to 50 per cent lacquer reducer. This 
mixture is put into a quart container attached to a spray gun. The surface 
to be sprayed is stood up on edge on a pair of easels. The operator stands 
in front of the work and, starting at one end, sprays the work from the top 
edge to the bottom edge then from the bottom edge to the lop edge, overlapping 
each stroke sufficiently to give an evenly coated appearance to" the surface. 
The spray gun should be held about 10 in. from the work, and the stroke 
should be at an even speed at all times. Slowing up of the stroke will cause 
the lacquer to pile up and run. It is a good idea to practice vidth an empty 
gun or one ^ed with water until the arm is trained to carry an even stroke 
and to open and close the gun automatically at the top' and bottom of the 
stroke, before attempting to shoot lacquer. 

The air pressures to be carried on the gun depend a great deal on the 
density of the material being used and the speed and position of the opera¬ 
tor. These will be learned with practice. 

JOB UNITS 

Job Unit 47. Fabric Patching 

Outline of Work.—^Two types of fabric patches are to be made, one for a 
puncture of the surface and one for an L-shaped tear in the fabric. 

Tools and Materials Req'uired.—Sharp knife* pinking tool, shears, curved 
needle, No. 20, four-cord cotton thread, airplane fabric, clear doi>e, brush, 
wiping rag. Compasses and scale will be of use in making a neat job. 

Discussion.—Damage to an airplane fabric usually occurs in one of two 
forms: (1) puncture, or (2) a tear. 

1. A puncture is usually' not more than 1 in. in largest dimension. It is 
often cross-shaped with small ears or tabs of loose fabric inside the hole. 

2. A tear in the fabric is usually' L-shaped or Y-shaped. 

In either case, punctured or torn, if the maximum dimension of the 
repair is not greater than 1 in., no sewing is necessary; and the repair is 
made by^ cutting away the loose flaps until a clean, round hole is obtained 
in the fabric; then the hole is covered with a circular patch having 
pinked edges. 



Sec. 217] 


REPAIR OF WOOD, WIRE, AND FABRIC 


279 


If the puncture or tear is greater than 1 in. in dimension, the flap should 
be closed with a baseball stitch. 

When the sewing has been accomplished, a square patch is cut large 
enough and then pinked and doped on so that the full original strength of the 
area affected by the tear is realized. 

The patches should have five coats of clear dope applied at intervals of 
at least 2 hr. The patch should be sanded lighth’- between the last two 
coats. When sanding, be careful not to cut through the fabric on the high 
spots made by the stitches. 

In a shop where a great deal of patching is done, a roll of fabric specially 
prepared for repair work, is kept on hand. In the preparation of this 
material it is first stretched on a frame, and given five coats of dope, then 
cut and rolled for future use. Having this repair material on hand shortens 
the patching process time considerably, as only two coats of dope are 
needed, with one sanding between, to make a perfect patch. 

Doping should not be attempted unless the temperature is 70“F., or 
above, and the air is dry and still. Drafts, moisture, and cold air will 
cause the dope to blush. If an emergency patch must be made under 
adverse conditions, mix retarder with the dope in the proportion of a tea¬ 
spoonful or thereabouts to a quart of dope. 

Procedure.—The instructor will indicate and assign certain repair 
patching. Trim the punctures and sew the tears. Lay out patches that 
will overlap about 2 in. The minimum allowable lap is IH iii. Cut 
all patches about in. oversize, and trim down to size with the pinking 
tool. 

Prepare the surface for patching by soaking with dope and then wiping 
clean. Be careful not to allow dope to run through the tear, as it will drip 
and disfigure the opposite fabric surface. Soak the patch with dope, apply 
it to the surface, adjust it so that it is square with the tear and on center, 
press all bubbles and wrinkles out from under the patch with the fingers, 
and then brush the patch on smoothly. LTse plenty of dope, and do not 
brush too long or the surface will become tacky, and smear. Allow 2 hr. 
for dr\dng after each application before apphdng the next coat. 

215. Aircraft Wires.—Many uses for aircraft ttdres are found 
even in the latest type of airplane construction. For example, 
there is nearly half a mile of control cable in the Boeing B-17 
(four-motored bomber), with a corresponding number of terminal 
splices and terminals. 

For its size and weight, aircraft wire has ver^" great strength. 

216. Hard Wire.—This type of wire, a single strand, is also 
kno-wn as sohd aviator wire and tinned aircraft vdre. It is used 
mostly for drag wires. Table XXIII gives useful data on hard 
wire. 

217. Aircraft Ferrules.—Aircraft ferrules are used in making, 
terminals for hard wive. See Table XXIV for characteristics. 
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218. 7 by 7 Aircraft Cord.—cord is composed of seven 
strands of wire spiraled into the form of a rope. Each of the 
strands is composed of seven hard wires coated mth a rust pre¬ 
ventative j cords less than Ig diameter are mostly used. See 

Table XXY for characteristics. 


Tabi.e XXIII.— Tinned Aircraft Wire (Hard Wire) 


: eel-wire 
gauge 

Diame¬ 
ter, in. 

Weight i 
per ICK) 
ft., lb. 

Torsion 
test, 
number 
of turns 
in 8 in. 
(mini¬ 
mum)- 

Bend test | 
number 1 
of bends 
(mini¬ 
mum ) 

Breaking 
strength, ' 
lb. 

(mini¬ 

mum) 

Tensile 
strength, 
lb. persq. 
in. (mini¬ 
mum) 

0 

0.306 

24.87 

3 

2 

14,000 

190,000 

1 

0.283 

21.14 

4 

2 

12,000 

192,000 

2 

0.262 

18.25 

5 

2 

10,520 

195,000 

3 

I 0.244 

15.71 

5 

2 

9,200 

197,000 

4 

i 0.225 

13.36 

6 

3 

7,950 

200,000 

5 

; 0.207 

; 11.31 

8 

3 

6,850 

204,000 

6 

i 0.192 

9.73 

9 

4 

6,030 

208,000 

* 7 

; 0.177 

8.27 

; 9 

4 

5,250 

213,000 

S 

; 0.162 

6.93 

! 11 

5 

4,5.20 

219,000 

9 

' 0.148 

5.78 

12 

6 

3,850 

224,000 

10 

0.135 

4.81 

15 

i 7 

3,290 

230,000 

11 

; 0.120 

^ 3.80 

■ 17 

9 

' 2.670 

236,000 

12 

i 0.105 

2.91 

- 21 

! 11 

; 2,090 

241,CK30 

13 

0.091 

! 2.23 

25 

! 14 

! 1,600 

248,000 

14 

0.080 

1.69 

? 29 

17 

1 1,260 

252,000 

15 

0.072 

1.37 

: 33 

1 21 

1 1,040' 

255,000 

16 

0.062 

1.05 

1 38 

i 25 

i 775 

258,000 

17 

0.054 

!' 0.770 

46 

; 31 

1 600 

263,000 

18 

0.047 

0.583 

; 53 

39 

1 460 

268,000 

19 

0.041 

0.444 

^ 63 

50 

356 

270,000 

20 

0.034 

0.323 

74 

78 

250 

275,000 

21 

0.032 

0.270 

1 84 

85 

225 

; 280,000 


219. 7 by 19 Aircraft Cord.—^This wire is composed of seven 
strands, each strand of which is composed of 19 hard wires. 
See Table XXYI for characteristics. 

220. Preformed Cable.—The strands of this type of cable are 
preformed to the configuration they will have in the cable. This 
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A 



"Cage bar '"Ferrule 
Fig. 19S. 


Gage bars shall pass through ferrules vvi-th a elearanee of approximately 
0.003 in. See Fig. 19S for dimensions. 


Size, 

RoebUng or steel-wire gage 1 

[. 

Gage bar 

Approx. 

weight, 

lb. 

per 1000 
pieces 

No. 

i 

A, in. 

B, in. 

1 ’ . 

C, in. 

8 

0.162 

0.164 

i 

0.328 

67.00 

9 

0.148 

0.150 

0.300 

53.42 

10 

0.135 

i 0.137 

0.274 

38.61 

11 

0.120 

0.122 

0.244 

26.13 

12 

0.105 i 

i 0.107 

0.214 

18.76 

13 

0.092 

i 0.094 

0.188 

12.50 

14 

0.080 

0.082 

0.164 

8.56 

15 

0.072 

i 0.074"' 0.148 1 

6.50 

16 

0.063 

0.065 

0.130 

1 4.25 

17 

0.054 i 

0.056 

1 0.112 

1 2.76 

18 i 

0.047 

0-049 

! 0.098 

! 1.68. 

19 

0.041 

0.043 

: 0.086 

1.14 

20 

0.035 

0.037 

0.074 

0.83 

21 

0.032 

0.034 

0.068 

0.52 


Table XXV.—7 by 7 (Wire Center) G.\lvanized Aircraft Cord 
(Used below I's Mostly) 


Diameter of 
cord, in. 


Breaking i Approximate 
strength of i weight, lb. 
cord, lb: I per 100 ft. 


^2 

2600 i 

4.67 

}4 

1350 

2.45 

3^4 

970 

1.75 

H2 

920 

1.45 

He 

I ; 

; .93 

^4 

1 1 

.81 
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relieves the initial strain in the wire due to bending and trusting. 
This type of cable vaW not flare out when it is cut. A trade 

Table XXVI.—7 by 19 Tinned Aiecraft Cord 


Diameter of 
cord, ia. 

Breaking 
strength of 
cord, lb. 

Approximate 
weight, lb. 
per 100 ft. 

3-2 

24,400 

43.20 

Ke 

19,000 

34.00 

% 

14,400 

26.45 


12,500 

22.53 

He 

9,800 

17.71 

3i2 

8,000 

14.56 

H 

7,000 

12.00 

142 

5,600 

9.50 

He 

j 4,200 

6.47 

H2 

2.800 

4.44 

M 

2,000 

! 2.88 


name of this type of cable is Tru-Lay. See Table XXVII for 
characteristics. 


Table XXVII. —Table of Tru-Lay Aircraft Cable Sizes, Weights, and 

Strength 


Size 

Weight 
per 100 ft. 

Breaking 

strength 

3^16 7 X 7 

0.81 lb. 

485 lb. 

7 X 

1.45 lb. 

920 lb. 

14 7 X 7 

2.45 lb. 

1,350 lb. 

}4 7 X 19 

2.881b. 

2,000 lb. 

H2 7 X 19 

4.441b. 

2,800 lb. 

Me 7 X 19 

6.471b. 

4,200 1b. 

H2 7 X 19 

9.501b. 

5,600 1b. 

34 7 X 19 

12.00 1b. 

7,000 lb. 

He 7 X 19 

17.71 lb. 

9,800 lb. 

M 7 X 19 

26.45 lb. 

14,400 lb. 


221. Aircraft Thimbles.—^These are used in the terminals of 
cables to prevent undue wear and bending on the cable. See 
Table XXYIII for dimensions. 
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Fig. 199. —Dimensions of aircraft thimbles. 


Table XXVIII.— ^Aircraft Thimbles (See Fig. 199 ) 


Size 

Inches 

Approx, 
weight, lb. per 


A 

B 

c 

D 

E 

1000 pieces 

}ri& and ^2 

0.35 

0.70 

0.07 

.09 

0.032 

3.00 


0.35 

0.70 

0.07 

.13 

0.032 

4.31 

^2 

0.40 

0.80 

0.10 

.17 

0.032 

6.50 


0.50 

1.00 

0.135 

.21 

0.032 

9.00 


0.60 

1.20 

0.15 

.24 

0.032 

14.31 


0.70 

1.40 

0.17 

.25 

0.032 

16.31 

%% 

0.80 

1.60 

0.198 

! .30 

.0.040 

26.25 

Ke 

0.90 

1.80 

0.21 

.33 

0.040 

29.50 

H 

1.00 

2.00 

0.26 

.39 

0.060 

77.00 

■ 


2H 

0.33 

.46 

0.080 

122.00 

. 

IK 

2K i 

0.40 

.52 1 

0.080 

167.00 


222. Tru-Loc Terminal Fittings.—Figure 200 shows such a 
fitting. The fitting is pressed over the cable by a 
special machine. Tests have shown that the 
fitting will develop the full strength of the cable. 
(See report by American Cable Company.) 

223. Aircraft Tumbuckles, Shackles, and Clevis 


Eye 


Barrel /No. 16 wire 


Fork 


Fig. 200.—^Tni- 
Loc terminal fit¬ 
tings. 


I Left hand R,dh/hand i 

i fhread -thread j 

K-... Length (mm=\Sy— - 

Fig. 201.—^Turnbuckle assembly. 


Pins.—Figure 201 shows a tumbuckle assembly, and method of 
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locking turnbuckle. Table XXIX gives the strength and take-up 
of standard turnbuckles. 


Table XXIX.— Strength and Take-up op AX Standard Turnbuckles 


Length 
L, in. 

Strength, 

lb. 

Take-up, 

in. 

Length 
jL, in. 

Strength, 

lb. 

Take-up, 

in. 

4.5 

800 

1.260 

8 

1600 

2.625 

4.5 

•1600 

1.040 

8 

2100 

2.500 

4.5 

2100 

0.875 

8 

. 3200 

2.250 

4.5 

3200 

0.620 

8 

4600 

2.125 

4.5 

4600 

0.375 

8 

6100. 

1.625 


Table XXX.— Size of Shackles and Clitvhs Pins for Cable Strength 

AN Standard 

Cable Strength, Clevis-pin Size, 

Lb. In. Diameter 

800 He 

1600 He 

2100 He 

3200 H 

4600 5.16 


JOB UNITS 

Job Unit 48. Loop Terminals in High-carbon Tinned Aircraft Wire 

Outline of Work.—Maker a sample drag wire with loop and turnbuckle on 
one end and loop only on the other end, measuring IS in. from center of 
turnbuckle fork to outer bearing face of loop. Threads on turnbuckle must 
be flush with end of barr el, wheii measurement is made. 

Tools and Materials Required.—Bending jig, three-square file, hea\w 
pliers, bench vise. No. 12 aircraft wire, No. 12 ferrules, 8-in. turnbuckle. 

Discussion.—Repair shops with a large variety of equipment usually 
have on hand a wire-bending jig operated by a lever. However, very often 
the mechanic finds it necessary to make hard-wire loops without any such 
special tools. .The purpose of this work is to give the student practical 
experience in handling such a situation with the least possible amount of 
ready-made equipment. 

■ The jig (Fig. 202) which we will use for hand bending is made from two 
bolts, minus the heads, % g in. and H respectively, in diameter, welded 
into a fork which tapers to a gap of about ks hi. When set up in a vise, this 
fixture is all that is needed to make perfect bends in any size of hard wire 
from 10 to 14 gauge. Of course, a little more experience is necessar\^ than 
with the use of a mechanical jig, but by making a few experimental bends, 
the student will soon become capable of producing an acceptable job. It is 
a good idea to make a few practice loops before attempting the finished 
sample which is to be turned- in for inspection. 
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1. Cut wire about 16 in. long; clamp bending jig in vise and place the wire 
in the fork of the jig. See Figs. 202a, 2026, and 202c. 

2. Bend short end to left, as in Fig. 2026. 

3. Bend long end to left, as in Fig. 202e. 

4. Take loop off of post and place short end in fork, as in Fig. 202/. 



5. Bend short end to left, as in Fig. 202^. 

6. Take fork out of vise, put jaw'guards on vise, and clamp loop with 
turnbuckle in place, ^s in Fig. 2026.. 

7. Slip ferrule over both wires and press down against loop. Bend short, 
end down against ferrule, as in Fig. 202f. 

Note: Slip second ferrule on long wire at once. If you do not put it on 
now, you are likely to start your bend on the other end of the wire, and then 
find that the ferrule is missing. If this mistake is made, the job must be 
rejected for the reason that high-carbon wdre can not be straightened and 
rebent without straining so that it w^ill be unreliable in service. 
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Now measure out 18 in. from the center of the turnbuckle fork, marking 
the IS-in. point on the wire with a pencil. This is the length to w-hich the 
drag member should be made. How'ever, bend allow-ance must be taken 
into consideration. By trial and error it has been found that a bend allow¬ 
ance of about ?iLS ill- is correct for 12-gauge wire w^hen the loop is bent on a 
^s-in- post. Therefore, from the 18-in. mark measure back 6 in. tow^ard 
the first loop and mark that point with a pencil. Set this last mark directly 
between the posts of the bending fork and proceed as before. 

If the bends are properly made, it w^ill be found that the finished wire is 
a trifle overlength, perhaps 3^6 in- longer than 18 in. This is desirable, 
rather than to have the wire undersize, for the reason that such wires are 
almost alw-ays used with turnbuckles; and it is obviously better to run the 
threads a little further into the barrel than to have a fewr threads left outside 
of the barrel. 

Note that the hard wire must not be scratched, nicked, or marred in any way. 
The material is carbon steel of high temper, and any damage on the surface 
is likely to start a fracture under stress. Alvrays use soft-metal guards on 
the vise jaw’s when gripping the wire. 

Do not attempt to make the ferrules by hand. They are wound by 
machinery and are carried in stock by all aircraft-supply stores. 

When you have finished a sample which you think you cannot improve, 
tag it with your name and hand in. 

Job Unit 49. Soldered Cable Terminal 

Work Required.—Sample cable terminal made from 3^-ta. 7 by 19 air¬ 
craft cable about 24 in. long. 

Tools and Materials 

1. Soldering outfit. 

2. Side-cutting pliers. 

3. Bench vise. 

4. Bench shears, or cold chisel, for cutting taper on end of cable. 

5. A 24-in. length (approximately) of .V^-in. 7 by 19 aircraft cable. 

6. 3^-in. aircraft thimble. 

7. 8 ft. of No. 20 B. S. soft brass or copper wdre. 

Discussion.—Soldered cable terminals have been extensively used for 
the attachment of both rigging wrires and control cables. On modern planes, 
these uses are largely replaced by streamlined tie rods for rigging, splices 
for the control cables. Nevertheless, it is necessary to be familiar with the 
proper method of making soldered terminals, both for emergency repairs and 
in the repair and maintenance of the older types of aircraft. 

When properly made, the soldered terminal is equal in strength to a navy splice. 
How-ever, external appearances are sometimes deceptive. Also, the heat 
and flux are likely to impair the physical qualities of the fine hard-drawn 
strands from which the ca^le is made. Furthermore, the extreme cold of 
high altitudes changes the physical properties of tin, causing a reduction in 
the holding powrer of the solder. Last, but not least, a soldered terminal 
weighs at least three times as much as a navy splice, and a number of them 
will add pounds to the structural weight of the aircraft. Therefore, from 
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any viewpoint, with the possible exception of first cost, the navy splice is 
to be preferred. 

Procedure 

1. Cut a piece of 7 by 19 cable, about 24 in. long, taking care either 

to bind or to solder both sides of the cut before using shears. One end of 
cable should be soldered solid so it can be cut on the bias for tapering. 

2. Cut the end of the cable to a taper of about 30 deg. (see Fig. 203). 



Fig. 203.—Soldered cable terminal. 


3. Bend thimble points out 45 deg. [See Fig. 203 (a-l).] 

4. Bend cable around thimble, leaving free end of a length equal to at 
least 18 times the diameter of the cable. Clamp in vise as in Fig. 203a. 

5. Wind the No. 20 wire on a short piece of hose, or on a block of soft 
wire, for use as a spool in handling the winding. 

6. Using the No. 20 wire, wrap cable tightly for two or three turns above 
the thimble points, as in Fig. 203 (o-2). This is only to hold cable on thimble 
while making the terminal. It is to be removed before any soldering is 
done. Also wrap as in Fig. 203(a-3). Clamp thimble and loop in vise so 
cable below thimble will be free for wrapping. 

7. Start the main wnrap as in Fig. 2035, about M in. below thimble points, 
lea\dng about 18 in. of free wire for finishing. Wrap close and tight for 
about H in,, moving away from thimble. I^eave a >s~in. gap and continue 
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the close wrapping down over the taper to about 34 beyond the point 
where the taper ends. Cut off the wire and press the end down, as 
in Fig. 203c. 

8. Go back to 18 in. free end of wire, and wrap toward thimble. When 
wire is up against thimble throat and under points as in Fig. 203d, bend 
points down over wrapping and cut wire off close to thimble. 

9. Soak entire terminal in very hot solder, using plenty of flux. Use the 
paste type of flux, which is noncorrosive. Acid flux must never be used 
around aircraft. 

10. Allow solder to cool until almost pasty. Load joint wdth solder and 
then vripe off terminal quickly w'ith a rag. The solder should be a solid 
mass throughout all the wrapping and in the gaps. Straighten in vise. 

11. If the last operation is done quickly and at the right time, a smooth, 
sohd joint, will be the result. 

Job Unit 60. The Navy Splice 

Outline of Work.—Two splices are to be made in the ends of a piece of 
3^-in. 7 by 19 cable about 24 in. long. The first splice is to be made with 
the help of the instructor, if necessary. The second splice is to be made 
alone, and handed in for grading. 

Nomenclature 

1. Standing cable: That part of the cable which is to be put in service 
after the splice is finished. 

2. Free end: The loose end of the cable, about 8 in. long, which is to be 
spliced into the standing cable. 

3. Bight: The loop of cable which is bent around the thimble. 

4. Strand: One of the seven small cords which form the cable as received. 

5. Corcj or heart strand: The single straight strand running down the 
center of the cable, around w^hich the other six strands are twisted. 

6. Thimble: The grooved metal eye around w^hich the cable is bent for 
splicing. 

7. Serving: The twine wrapping -which covers the sheared ends of. the 
splice. 

8. Marlin spike: The hand awl which is used to lift or separate the 
strands. 

9. Splicing damp: The fixture vrhich is used to hold the bight firmly 
on the thimble -while the splice is being made. 

10. Tuck: To thread a free strand through the standing cable. 

11. Round of tucks: Completion of a series of single tucks around circum¬ 
ference of the cable. 


Tools and Materials Required 


1. Sphcing clamp. 

5. 

Wooden mallet. 

2. Heavy pliers. 

6 . 

Wood block for anvil. 

3. Marlin spike. 

7. 

Linen twine. 

4. Bench vise. 

8. 

Orange shellac. 
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9. Piece of 7 by 19 tinned aircraft cable, l-s io- in diameter by 24 in. long, 
soldered on both ends. 

10. Two J^-in. aircraft thimbles. 

Procedure.—Bend out points of thimble about 45 deg. Make bight about 
8 in. from end of cable; place thimble in bight, and grip bight in splicing 
clamp. Set clamp in vise, with free end of cable standing vertically on the 
left- 

General Remarks 

1- Before starting a splice, free end of cable should be sweated with solder 
for about 1 in. Never cut cable without soldering or binding both sides of 
cut. 

2. A completed splice consists of five rounds of tucks. 

3. After the third round is completed, the core strand is cut off close to 
the cable. 

4. Tapering of the splice is begun in the fourth round by tucking half 
strands instead of full strands. 

5. The taper is finished in the fifth round by tuckmg quarter, strands 
instead of half strands. 

6. The finished taper is covered by serving with linen twine and giving 
two coats of orange shellac. 

Detailed Procedure 

1. In the first round, all tucks are made to the right or with the twist of 
the cable, except the fifth tuck, which goes to the left or across the twist of 
the cable. (See Fig. 204.) 

2. In all of the rounds following the first, all tucks aire made to the left, 
or across the twist. (See Fig. 205.) 

3. The second round, and all following rounds, are easiest to manage if 
the Marlin spike is inserted toward the free strand which is to be tucked. 

4. To obtain a tight splice it is necessar^^ to pull all slack out of each tuck, 
and then bend each strand down in place without releasing tension. 

5. In all of the first three rounds, the core strand should be pulled tight 
and left standing straight up, and should not be bent down like the six outer 
strands. 

6. At the end of any round, after all tucks are pulled tight, the six strands 
should stand out from the cable all in the same plane, like spokes from a hub. 
If one or more strands are left high or low’, there wdll be an open spot in the 
finished splice. 

7. The splice should be hammered after the second and fifth round. Use 
a wooden mallet and a w’ooden block for an anvil, hammering the splice 
across the twust of the cable to set the tucks. 

8. After the splice is beaten smooth and tight following the fifth round, 
■ the halved and quartered strands should be sheared off close to the cable, 

and hammered lightly. 

9. In serving the splice, start on the standing cable about in. from the 
last sheared end, and wrap toward the thimble. The serving should be 
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stopped after all sheared ends are covered, leaving the first two rounds visible 
for inspection. 

First round of tucks: Figure 204a shows a cross-section of the cable at the 
thimble points, before the splice is started. 

Figure 2046: Insert spike under No. 1 and separate it by underrunning 
spirally and puUing spike through the soldered end. Tuck No. 1 to the 
right, under the three strands B-A-F. 

Figure 204c: Separate No. 2 as above; tuck through same opening as No. 1, 
to the right under the two strands B-A. 

Figure 204d: Separate No. 3 as above; tuck through same opening, to the 
right under the one strand B. 
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Fig. 204.—First round of tucks in the navy splice. 


Figure 204e: Pick out core strand, No. 7, separate as above, and tuck to 
the right, directly on top of No. 2. 

Figure 204/: Separate No. 6, and tuck through the same opening as before, 
but to the left, under the two strands C-D. 

Figure 204g: There are two free strands remaining. Separate them and 
tuck No. 4 to the right under C. It will form a spiral around standing 
strand C. 

Figure 204A: Tuck No, 5 to the right under D. It forms a spiral around 
standing strand D. 

Second and third rounds of tucks: Figure 205a shows a cross-section of the • 
splice after the first round of tucks has been completed. Note that the 
core strand. No. 7, is pressed close to the core of the standing cable. This 
set of sketches applies to the second and third rounds. The fourth and fifth 
rounds are the same, except that the core, No. 7, has been cut off. ■ 

Figure 2056: Insert spike under A; tuck No. 1 over F and 7, under A, and 
out; pull it back, above No. 2. 
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Figure 205c: Insert spike under.S, tuck No. 2 over A, under B, and out; 
pull it back, above No. 3. 

Figure 205d: Insert spike under C, tuck No. 3 over B, under C and out; 
pull it back, above No. 4. 

Figure 205e: Insert spike under D, tuck No. 4 over C, under D, and out; 
pull it back, above No. 5. 

Figure 205/: Insert spike under E, tuck No. 5 over D, under E, and out; 
pull it back, above No. 6. 

Figure 205g: Insert spike under F, tuck No. 6 over E, under F and out. 



Fig. 205.—Second round of tucks in navy splice. 


Job Unit 61. Roebling Splice and Test of Cable Terminals 
Outline of Work 

A. Make a navy-type cable splices (see Job Unit 50) at the ends of a 
section of aircraft control cable such that the bearing points of the thimbles 
will be 14 in. apart. 

B. Make Roebling splices in the ends of a section of aircraft control cable 
as in A. 

C. Make soldered-type cable terminals in a section of aircraft control 
cable as in Jl. 

D. Make hard wire terminals in the ends of a section of hard wire such 
that the bearing points of the terminals will be 14 in. apart. 

E. Test above specimens in tensile testing machine. 

F. Write report covering tests, and determine effectiveness of terminals 
by coniparison with original strength of wire. Determine margin of safety 
over Department of Commerce rated strength of terminals. 
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Tools and Material Required 

a. Splicing clamp 
h. Heavy pliers. 

c. Marlin spike. 

d. Bench vise. 

€. Wooden mallet. 

/. Wood block for anvil. 

g. Soldering outfit. 

h. Bench shear. 

. i. Bending jig. 

Discussion.—It is the purpose of 
experience in making the various 


j. 3-eomered file. 

k. No. 12 hard aircraft wire. 

L No. 12 ferrules. 

m. 14-m. 7 by 19 aircraft cable. 

n. aircraft thimbles. 

o. No. 20 B. & S. soft brass or cop¬ 
per safety wire. 

7 >. Linen twine. 
q.' Orange shellac. 

this project to give the student additional 
types of wire terminals and to let him 
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Fig. 206.—Operations in making Roebling splice. 


determine, by test, the strength of the terminals that he has made. It is an 
extremely difficult task to make any type of joint in a tension niember "which 
will not seriously reduce the strength of the member, and for this reason 
terminal efficiency factors are introduced. These factors are determined by 
comparing the developed strength of the member (with terminal) with that 
of the original member. A terminal in a tension member usually causes a 
failure in the material adjacent to the terminal in wbat is knowm as the 
affected area. Soldered-type cable terminals are highly efloLcient as a terminal 
as failures seldom occur in or near them. However, this type of joint is 
becoming less and less popular owing to excessive weight and instability of 
solder at extremely low temperatures. 

A. Make a nayy-type cable splice in the ends of the >^-m. 7 by 19 aircraft 
control cable such that the bearing points of the thimbles will be 14 in. 
apart. Serve one splice only. 
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B. Make Roebling splices in the ends of the M-in. 7 by 19 aircraft control 
cable such that the bearing points of the thimbles will be 14 in. apart. Serve 
one splice only; 

1. The Roebling splice illustrated in Fig. 206 is made as follows: 

Ail operations up to and including the first round of tucks are the same 
as for the navy-type splice (see Job Unit 50). 

Figure 206a: shows a cross section of the splice after the first round of 
tucks has been completed. The views h, c, d, e, f, and g are all taken from 
this diagram. Note that the core strand No. 7, is pressed close to the core 
of the standing cable. This set of sketches applies to the second and third 
rounds, after which the core strand is cut off close. • The fourth round of 
tucks is made by splitting each strand and only tucking one half of it. The 
fifth round, which is the final round of tucks, is made by splitting the half 
strands that were used in making round four and tucking the remaining 
quarter strands. The splice is then completed by pounding it on a wooden 
anvil with a wooden mallet. All ends are now cut as close as possible to the 
standing cable. The splice is served by wrapping wdth No. 7 cord. The 
serve should be given tw^o coats of orange shellac. 

Steps in Making Roebling Splice.—^Tucks after first round is complete: 

Figure 2065: Insert spike under F, tuck No. 1 over F and back under F, 
coming out between E and F. 

Figure 206c: Insert spike under A, tuck No. 2 over A and back under A, 
coming out between A and F, 

Figure 206d: Insert spike imder B, tuck No. 3 over B and back under B, 
coming out between B and A. 

Figure 206e: Insert spike under C, tuck Nor 4 over C and back under C, 
coming out betw^een C and B. 

Figure 206/: Insert spike under D, tuck No. o over D and back under D, 
coming out betw^een D and C. 

Figure 206^: Insert spike under E, tuck No. 6 over E and back under E, 
coming out between E and D. 

C. Make soldered-type cable terminals in the ends of the 3='s-m* I by 19 
aircraft control cable, such that the bearing points of the thimbles wall be 
14 in. apart. (For notes on the soldered type cable terminal see Job Unit 
49.) 

D. Make hard-w^ire terminals in the ends of a piece of No. 12 hard aircraft 
wire such that the bearing points of the terminals w^ill be 14 in. apart. (For 
notes on loop terminals in high-carbon tinned aircraft ware see Job Unit 48.) 

E. Test specimens as made in tension-testing machine to determine 
ultimate strength. 

F. Write report covering tests. Compare the ultimate strengths obtained 
by the tests for each of the specimens with the ultimate strengths of the 
w^hes, as given in Tables XXIII and XXVI in this chapter, to determine the 
efficiency of each of the various types of terminal. Compare terminal 
efficiencies obtained with those allowed by the Bureau of Air Commerce of 
the Department of Commerce to determkie the margins of safety. A ter¬ 
minal efficiency of 85 per cent is allowed by the Department of Commerce for 
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hard wire and is considered to be a satisfactory value for the efficiency of 
other terminals as well. 

The following is a typical example of the required calculations: 

Wire: ’'s-in. 7 by 19 aircraft cable. 

Strength: (From Table XXVI) = 2000 lb. 

Strength of test specimen (from test) = 1910 lb. 

Terminal efficiency = = 0.95 or 95 per cent 

Allowable strength = 0.85 by 2000 = 1700 lb. 

Margin of safety = " 1 = -12 or 12 per cent 

Review Questions 

1 . What properties in wood are desirable for airplane use? 

2 . Xame the factors affecting the strength of aircraft w'oods. 

3 . WTiy is moisture content of aircraft woods important? 

4 . Explain how you would mix a small batch of casein glue. 

5 . How long will a batch of casein glue remain useful after mixing? 

6. Outline the steps in a complete doping job. 

7. VTiat is the purpose of using thimbles with aircraft cables? 

8. .Describe an aircraft shackle. 

9 . Where does a spliced-cable terminal usually fail? 

10 . Describe how a terminal loop in a solid aircraft wire is made. 

References 

1. Yoiinger, J. E., ‘^Airplane Construction and Repair/' Chaps. VI, 
VII, VIII, and XIV, McGraw-Hill Book Company', Inc., New York, 1931. 

2. Koehler, A., '‘Properties and Uses of W^ood," McGraw-Hill Book 
Company, Inc., New York. 

3. Trxjox, T. R., The Gluing of W^ood, U. S. Department of Agriculture, 
Department Bulletin 1500, June, 1929. 

4. Truox, T. R., Gluing W^ood in Aircraft Manufacture, U. S. Depart¬ 
ment of Agriculture, Technical Bulletin 205, October, 1930. (For sale by 
Superintendent of Documents, Washington,' D. C.) 

5. Part 18, Civil Air Regulations, Alteration and Repair of Aircraft: 
Civil Aeronautics Administration, U. S. Department of Commerce, 
Washington, D. C. 

6. Manufacturers bulletins on doping and finishing aircraft surfaces; 

Titanine, Inc., Parlin, N. J.; Berry Brothers, Inc., 211 Leib St., Detroit, 
Mich., etc. - 

7- Manufacturers bulletins on wires and tie rods; John A. Roebling's 
Sons Company, Trenton, N. J.; Macwhyte Co., Kenosha, Was., etc. 

8. U. S- Army and Navy spedjications for wire and cable. 


Questions for Thought and Study of References 

1. What is plyvmod? How is it made? 

2. Name some woods used in making aircraft plywood. 

3. Describe the U. S. Government standard tests for glue. (See Ref. 4.) 
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4. What are the purposes of doping? 

5. What is a. thinner? A retarder? 

6. How may blushing be prevented ? 

7. Describe the standard tests for solid aircraft wires and of aircraft 
cables. 

8. Name the parts of a turnbuckle and state the material generally used 
for each part. 

9. How can you determine whether aircraft cable is frayed, that is, 
if any of the strands are broken? 

10. WTiy should a kinked or bruised solid wire not be used? 



CHAPTER XIV 


MAINTENANCE CLEANING' 

Maintenance cleaning is among the first duties of an airplane 
mechanic. Cleaning at a\dation overhaul points is important 
(1) for safety, (2) for minimum maintenance costs, and (3) for 
appearance. 

Safety, both to passengers and equipment, is naturally of 
primary importance in aviation. Only parts which are thoroughly 
clean can be ‘readily inspected for cracks^ flaws, or defects. Also, 
when replacing or repairing protective coatings which have been 
damaged, new coatings should be applied only to clean surfaces 
to insure durability. 

It is easier and quicker for the mechanic to inspect and gauge 
parts which have been thoroughly cleaned, so as to see whether 
the part must be rejected or may safely be put back into assembly. 
In the overhaul of engines, they can be disassembled in an easier 
and more orderly manner if they have been given a preliminary 
cleaning outside, as for instance by a steam-cleaning method. 
Thorough cleaning also has a’ bearing on the maintenance costs 
because clean machinery or equipment always-lasts longer than 
that which is neglected. 

The third point, clean appearance, is of more than casual impor¬ 
tance, especially for air lines. Clean equipment adds confidence 
to the passengers-, as it gives an indication of well-serviced 
equipment. 

From this, the airplane mechanic can recognize the importance 
of doing the cleaning in a proper and thorough manner. 

224. Types of Work. —Cleaning may be divided into the fol¬ 
io vdng types of work: 

1. Engines, primary cleaning for disassembly. 

2- Engines, cleaning of parts for inspection and overhaul. 

3. Other mechanical parts and fuselage fittings. 

1 Paragraphs 224 to 229 prepared by H. Liggett Gray, Member A.S.M.E., 
Oakite Products, Inc., New York. 
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4. Steel-tube fuselages; cleaning or stripping paint. 

5. Cleaning doped surfaces. 

6. Cleaning Alclad surfaces. 

7- Cleaning interior surfaces, upholstery, etc. 

8. Cleaning hangars, shops, floors, etc. 

The fundamentals of these varied cleaning operations are suflB- 
ciently different so that there are distinctly different methods 
and types of cleaning materials best suited to each of these types 
of work. 

225. Cleaning Equipment for Mechanical Parts.—It is gen¬ 
erally found most efficient to consolidate all the cleaning work 
into one point where adequate facilities are pro\dded for doing 
the cleaning safely, speedily, and economically. 

The consolidation of the cleaning at one point also enables the 
man or men doing that work to keep the cleaning solutions and 
equipment in first-class operating condition constantly, and to 
learn the ‘^fine points'^ of the cleaning operation so that the 
cleaning department can be counted on to supply the inspectors 
and mechanics Tvdth a steady flow’ of thoroughly cleaned parts 
to be put right back into assembly. The following is an outline 
of equipment for a cleaning shop: 

Referring to. Fig. 207, this drawing gives a typical layout for 
cleaning all mechanical parts, including engine parts. 

1. With a large volume of work, parts should be separated into twm classi¬ 
fications for cleaning; the delicate metals of aluminum and magnesium and 
their alloys to be handled in tank 1, and parts of steel, iron, and bronze to 
be handled in tank 3. 

2. Tank 2, a cold running rinse, is placed conveniently between the two 
cleaning tanks. The cold running rinse is particularly recommended for the 
aluminum, as that rinse is used after the soak in the cleaning solution. B\' 
thorough rinsing, you avoid any deposits or cleaning solution remaining on 
the parts and prevent the white deposits which sometimes occur when 
rinsing is omitted. 

3. Tank 4 is generally used more in -production than in overhaul. In 
production or repair w’ork where many steel or iron parts are going to be put 
in stock bins and are allowed to lie around for a considerable time (rather 
than put right back into assembly), they are given a dip in a hot solution of 
rust preventative, such as Oakite Anti-Rust. 

4. Best construction of the tanks is steel plate with welded joints. Do 
not use galvanized sheets^ as electrol-ytic action removes the galvanizing, causing 
it to be deposited on the parts being cleaned. This same principle applies 
to dipping baskets or work racks; these should be plain steel and not gal¬ 
vanized, so that there is no coating to come off and to deposit on the parts. 



Moto r d riven ce ntrifugalpump ^ Watvr supp ly 



Front Elevation ^Drxrin End Elevation Elevation 

Detail of Steam Heated Tank . Detail of Running Rinse Tank Detail of Gas Heated Tank 

Ficj. 207 .-- Cleaning equipment, for large repair Btations. {Courtesy of Oakite Products, Inc.) 
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5. A drain is provided at a low point of each tank, with, an outlet valve 
and connections for the occasional draining and cleaning out of the tanks. 

It is also most convenient to run a water-supply pipe back of the tanks with 
a short filling connection to each tank to make up for the water which boils 
off, or to refill when solutions have been changed. 

6. The drawdng shows a small pump for circulating the cleaning solutions 
to a nozzle in order to give some force to the cleaning fluid and thus speed up 
the work- This is not a necessity, and a large number of shops attain all 
the speed of cleaning they require by merely soaking the parts in the tanks. 

7- The method of heating the cleaning solutions should be the most 
economical available in the shop. 

If it is steam, available all the year around, the most satisfactory', easy, 
and economical tank heating is by the use of steam coils in the solution. 
One detail (Fig. 207) show's the correct w’ay of installing a steam coil. The 
coil should be along the side of the tank, (not the bottom), w'ith plenty of 
area,. An open steam pipe should not be put into the solution, as it w'ill 
greatly dilute the cleaning solution. 

If steain is not available, oil-burning qr gas heaters are most generally used. 
For oil burning, the tanks can rest on a brick chamber, arranged so that the 
heat projects on the bottom and around on the sides of the tank. This gives 
very economical heating. If gas burners are used, it is always economical 
to provide a heat jacket to carry' the heat of the gas flames up around the 
sides of the tank. This heat jacket is easily made from light-gauge metal ^ 
lined with asbestos sheets. ' 

226. Care in Cleaning Mechanical Parts.—Aluminum, mag¬ 
nesium, and the soft-metal alloys are very susceptible to the 
action of alkaline materials, in fact, if a strip of aluminum, for 
example, is put in a solution of caustic soda or washing soda and 
heated, the surface of the aluminum will be dissolved and there 
will be an evolution of hydrogen gas from the surface in exactly 
a similar manner as in the action of sulphuric acid on an iron nail, 
and the same effect and results vill be e^ddent, except that there 
wall be a black film produced on the aluminum, owing to car¬ 
bonaceous materials present. It is apparent therefore, that 
aluminum-, magnesium, and their alloys must he treated with great 
care during cleaning because those metals are readily etched or 
attacked when soaked in solutions not intended for safe clean¬ 
ing of delicate metals. This is particularly important, as the 
machined surfaces of delicate metals require more protection 
than the cast sections of the same metals. 

The cleaning of soft metals is very readily handled, however, 
by having a separate tank for that work, with a suitable special 
material such as Oakite Aviation Gleaner; but avoid electrolytic 
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action by keeping those parts from contact with different metals 
in the solution. 

The advantage of the separate cleaning tank 3 (Fig. 207) for 
steel and iron parts is that one may use a more heavy-duty clean¬ 
ing solution and speed up the cleaning of steel and iron parts 
\vithout danger of attack. 

Precautions against electrolytic action on soft metal parts should 
be most thoroughly studied.' It is always recommended that 
those parts be so handled that they touch no other metals* (such 
as steel) while in the solution. Consequently, if the parts are 
handled in metal baskets, the baskets should be lined with wood 
slats so that the parts do not touch metal. Crankcases can be 
suspended in the solution by using a rope (and not a chain or 
cable) or some nonconducting suspension. 

227. Cleaners and Care in Their Use. —The following mate¬ 
rials find usage around an airplane as solvents and cleaners: 

Soap and water, turpentine, alcohol, ether, carbon disulphide, ■ 
naptha, dope thinner, carbon tetrachloride, chloroform, and 
combinations of these and other materials sold under trade 
names. 

In the early days of aviation, fire hazard was not looked upon 
as such a serious factor as it is now recognized, and much of the 
cleaning was originally done with gasoline, benzol, carbon tetra¬ 
chloride, or mixtures of these materials. These w^ere expensive 
and hazardous, because of the fire hazard and the possibility of 
injury to the personnel, but the requirements for cleaning mate¬ 
rials had not been so marked as to cause the development of 
specialized materials previous to 1921 or 1922. 

At the present stage of development, cleaning has been given 
special consideration from a scientific view-point, and compounds 
are on the market for any and aU cleaning jobs (see references 
at the end of this chapter); for example: 

1. Stripping paiat from metal. .. * 

2. Cleaning before electroplating.. 

3. Removing scale, rust, and other accumulations from materials without 
injury to the metal. 

4. Rust-proofing parts previous to storing in the stock room. 

5. Removing oil, grease, and carbon from aluminum and light-weight 
alloys before inspection and overhaul by immersion in a heated tank of 
solution. 

6. Steam-cleaning chassis before repainting. ' 
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7. Removal of paint from tanks and cowling by either immersing in 
heated tanks or applying with steam. 

8. Cleaning after machining and grinding to remove chips and abrasive 
materials. 

9. Washing outside of planes in regular servdce. 

10. Removing oil and grease from exterior of motors. 

11. Cleaning interiors of planes. 

12. Cleaning benches, desks, and varnished equipment in waiting rooms 
and offices. 

13. Cleaning walls and interior of buildings. 

14. Cleaning hangar, shop, and waiting-room floors by mopping. 

15- Cleaning toilet facilities in ^waiting rooms. 

16. Reclaiming vraste and wiping rags in hangar and shops. 

17- Deodorizing planes! 

18- Deodorizing and sterilizing toilet facilities in terminals. 

19. Sterilizing drinking-water containers. 

20. Preventing athlete’s foot and other infections in hangar showers. 

21. Removing exhaust residues from cowling. 

The .first rule to follow in using cleaners and solvents is: 

Be sure that the cleaner does not remove the finish as well as the 
dirty in other words, be sure you use the proper cleaner for the 
job. If in doubt, try a small amount on a hidden portion of the 
surface to be cleaned and note its effect on the finish. 

228. Cleaning Doped Surfaces. —^The following points should 
be observed in cleaning doped surfaces: 

1. Use care that the finish is not scratched or damaged. 

2. Use soap or preparation that contains no’alkali or abrasive substance. 

3. None of the water should be allowed to reach the internal structure. 

4. If the surface is sprayed with a mixture of air and gasoline, fire-fighting 
equipment should be at hand for immediate use. 

5. Wheels of the airplane sling mud on the underside of the wings. This 
should be removed by allowing the mud cake to soak thoroughly in an appli¬ 
cation of water. No attempt should be made to scrape the mud off in a dry 
state, or the finish will be damaged. Hard rubbing wdth rag may cause the 
grit to scratch the finish. 

229. Cleaning Alclad Surfaces. —(The following procedure is 
given in the Handbook of Instruction for the Maintenance of the 
Model DC-3 Douglas Airplane.) Note that the general method to 
be followed is the important point for the student to learn. 

1. The following procedure is recommended for cleaning exterior 
surfaces of this airplane. This applies to the fabric as well as to the 
metal covered surfaces: 
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2. A solution of Turco, Composition Number 400 or equivalent 
[Par. 233] should be used, made up in the proportion of 3 pounds to 50 
U.S. gallons of water. The normal solution to use for hand work is 
one ounce to each gallon (1 oz. to 1 gal.) of water. Apply this solution 
with a soft-bristle brush by starting at the bottom and working up. 
Care must be exercised in cleaning the top of the fuselage that the solu¬ 
tion does not run down the. sides, as it will leave a streak that is prac¬ 
tically impossible to remove. After the surface has been washed with 
the solution, it should be rinsed vnth clear water, using a soft-bristle brush 
for the first rinsing and a long-handled mop for the second. Surplus 
water should be wiped off mth a dry rag. The fairings for the wing 
attachments should be removed every 300 flying hours and the surface 
below cleaned of stain caused by the solution. 

3. This solution in the amount recommended is free from any prop¬ 
erties that would cause corrosion or excessive stain; however, if the 
application is not properly handled, a light film or streakiness is liable 
to result, but this neither attacks nor injures aluminum or other surfaces. 

4. Tills composition, in solution, develops suds or foam. Its reaction 
is very much like that of a soapy solution, and only a sufficiently large 
area, which can be rinsed before the solution dries, should be covered 
at one time. If the work is being done on the outside, it is recommended 
that running water be available and that small areas should be covered, 
and then rinsed before the solution dries. 

230. Interior Cleaning.—^The rules to be followed are as follows: 

1. Clean coveralls should be used by mechanics doing interior work or 
cleaning, so as not to carry grease and dirt to the upholstering. 

2. To clean the fabric upholstering, use the vacuum cleaner, stiff brush, 
or whisk broom to remove the dust, while the upholstering is beaten lightly 
\^’ith the hand, stick, or a carpet beater. 

3. In a manner similar to (2), clean the interior of the doors, the sides, 
and the ceiling of the cabin. 

4. Cloths rung out of boiling water rubbed lightly over mohair or velour 
will restore much of their original beauty. 

5. To remove grease and other stains, apply carbon, tetrachloride or a 
good commercial cleaning fluid with a soft cloth and rub briskly (gasoline 
and benzine only spread the spots). After the cleaning fluid has evaporated, 
apply a moistened cloth, and press with the flat iron on top of the moistened 
cloth. 

6. To clean imitation leather and other coated upholstering, first clean 
the folds and seams thoroughly with a vacuum cleaner, then wipe with a 
cloth dampened in weak ammonia water, and dry with a woolen or flannel 
cloth. 

231. Cleaning Shop and Hangar Floors.— ^Sloppy” working 
quarters in general indicate ''sloppy^' work. Shop and hangar 
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fioors should be kept clean, not only from the standpoint of 
appearance but also from the standpoint of safety from accidents 
and fire. Proceed as follows: 

1. A good cleaner such as, for example, Turco Composition No. 57 or 
Okemco (see References at end of chapter for address) should be used. 
Cleaners should be diluted according to manufacturers instructions. 

2. The cleaner used should be noninflammable as are those of (1). 

3. A good stiff deck brush with a rubber squeegee ^^'ill he verr helpful for 
heavy-duty work. A mopping tank on castors will save time over the use 
of buckets, since it will make it possible to prepare a considerable quantity 
of solution all at one time. The floor should finalh' be rinsed down u-uth a 
garden hose if drainage conditions are satisfactory.^; otherwise excess water 
should be picked up vdth a dry mop. 

4. Grease spots caused by parked planes and the greasy area around the 
lubrication department may require special solutions which any reliable 
cleaning products" company will recommend. 

232. Cleaning and Polishing Glass. —Proceed as follows: 

1. Prepare a small container of equal parts of alcohol and w’ater. 

2. With a sponge moistened in this solution mb the glass until clean. 

3. Now polish the glass with a soft dry lintless cloth or tissue paper. 

4. An alternate method is to use a solution of water and household 
ammonia, about 1 tablespoon of ammonia to 1 quart of water. 

5. Clean the glass with this and polish wdth chamois skin wunug out of the 
same solution. 

6. Care should be taken that the cleaning fluid does not touch the finish 
around the window as the effect will be very bad. 

233. Cleaning Practices Recommended by Manufactures. 

Aluminum Alloy —The following cleaners, among others, 
have been examined by us and have been found to have no harm¬ 
ful effects upon aluminum. A number of cleaners of the general 
type of those indicated have been in use by various manufactur¬ 
ing and servicing activities in the field and have apparently given 
satisfactory results: 

1. Oakite Aviation Cleaner, manufactured by Oakite Products Company 
of New York. When speaking of this cleaner, the complete title, as stated, 
should be given to avoid accidentally getting other cleaners inanufactured 
by this company that are not entirely suitable for this purpose. 

2. Diversey Triple A, or Diversey 3S Aluminum Cleaner, manufactured 
by Diversey Corporation of Chicago. 

1 “Report on Recommended Practices for Constmction and Repair of 
Aluminum AUoy Aircraft Structures,” by Aluminum Company of America. 
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3. Wyandotte Aluminiun Cleaner 4X, manufactured by J. B. Ford 
Company of Wyandotte, Michigan. 

4. Turco Compo. No. 400 Aero. Cleaner, manufactured by Ttirco 
Products Inc., Los Angeles, California. 

* Light coatings of wax, oil, or grease will do much to prevent 
the formation of disfiguring deposits on parts made from Alclad 
materials subjected to salt-water conditions. Portions of floats 
and hulls below the water line tvdll have to be cleaned free of 
barnacles and marine growth periodically as necessary. Land 
planes may not require extensive cleaning to maintain a satis¬ 
factory appearance. 

Fuselage Cleaning (Maintenance and Service Manual, Boeing 
247).—All joints- and seams are sealed by means of Goodrich 
“Plasticon” • applied when the body sections are riveted or 
screwed together. Fuselages are given a water spray or rain 
test when removed from the final assembly jig. This is to inspect 
for water leaks prior to installation of the cabin lining. Plasticon 
is a rubber compound, soluble in gasoline, kerosine, carbon tetra¬ 
chloride, and similar fluids usually employed for cleaning. For 
this reason these liquids should not be used for cleaning the 
fuselages as they will eventually dissolve the Plasticon applied 
between the seams and joints. It is, however, resistant to water. 

234. Cleaning Fuel and OH Tanks for Welding (Maintenance 
Instructions, Shrike Design 60A, the Curtiss Aeroplane and Motor 
Co.).—In order to prevent damage to tanks during rewelding, 
and possible injury to personnel, it is suggested that the following 
procedure be used for the removal of gasoline and gasoline vapor 
from fuel tanks prior to effecting repairs: 

a. Remove fittings, open vents, caps, etc. 

&. Run’a good steam of boiling hot water through the tank for one hour. 
Water should enter at bottom and overflow at top. 

c. Blow compressed air (low pressure) through the tank for 1 hr., with 
all vents open. 

d. It is imi>ortant to make repairs immediately after the above procedure 
is carried out. Do not permit tank to stand around prior to welding. 

The follomng alternate procedure may be used: 

Steam out the tank with live steam for about 3 hr., after wLich 
the tank should be filled about one third full with fresh w^ater, 
shaken for 2 or 3 min., and then emptied. The tank should then 
be blown through with compressed air for about 3^^ hr. until the 
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odor of gasoline has completely disappeared. Open top and 
bottom vents during the application of heat. 

Review Questions 

1. Name seven common dirt solvents and cleaners. 

2. If gasoline is used for cleaning, what precautions must be taken? 

3. Should rags used in washing mud from airplanes be used elsewhere? 

Why? ^ ■ 

4. What precautions should be used in spraying water over an airplane? 

6. Outline a method of cleaning a doped surface. 

6. How would you clean an Alclad surface? 

7. What would you use for removing grease spots from a seat cushion? 

8. How would you clean a hangar floor? Name materials to be used 
and describe method. 

9. Why should not duralumin be suspended in a cleaning solution by 
means of a chain? 

10. Why should wooden trays be used in dipping airplane parts in 
cleaning, solutions ? 


References 

1. “Oakite Cleaning Materials in the Aviation Industry,” Oakite 
Products, Inc., New York. 

2. Special Service Report,” Turco Products, Inc., Los Angeles, Calif. 

3. Nobles, L. E., and J. A. Roenigk, “Cleaning and Lubricating,” 
McGraw-Hill Book Company, Inc., New York. 

4. Descriptive material furnished by soap and cleaning-compound manu¬ 
facturing companies. 

5. Any recently published elementary' text on practical chemistry. 

6. “Encyclopaedia Britannica” under the heading of Soap. 

Questions for Thought and Study of References 

1 . What are the causes of .hard water? 

2. • How would you relieve the hardness of water? 

3. What is soap? 

4. What causes metals to become dull or to tarnish? 

6. Give a satisfactory method of polishing metal. 

6. How would you clean a landing-light reflector? 

7. How tvould you put out a gasoline fire? 

8. What is meant by electrolytic action? 

9. How is static electricity developed? 

10. What precaution is used in preventing fires around airplanes from 
static electricity discharges? 



CHAPTER XV 


MAINTENANCE OF PROPELLERS 

The airplane mechanic is often assigned the duty of daily 
maintenance of propellers as a part of his regular routine. The 
repair of propellers requires the service of specially trained 
mechanics and the use of special tools. Propeller repair is out 
of the scope of duties of the airplane mechanic, hence out of the 
scope of this book. 

It is assumed that the mechanic will become familiar mth the 
mechanism of propellers through the use of literature published 
by manufacturers (see References), hence no unnecessary descrip¬ 
tive matter is included. 

Safety Precaution .—An airplane propeller on an airplane should 
never be touched: 

1. At a time when the engine is warm. 

2. Unless engine ignition switch is first inspected and noted in the off 
position. 

235. Propeller Nomenclature.—^Figure 208 shows a typical 
two-bladed propeller vith the names of the parts. A propeller 
develops thrust by its reaction on a mass of air, which it pushes 
backward. This mo\dng mass of air is called the slipstream. 
The effect of the slipstream at the rear of the airplane is called 
the propeller ivash. The propeller slipstream begins many feet 
in front of the propeller. On account of this, it is dangerous to 
walk in f ront of a mov-vng propellerj as one may be sucked into the 
blades. 

When the propeller is operating with the airplane stationary, 
the blades cut out an imaginary disk in the air. This is called the 
disk of ike pi'opeller. If the propeller disk is extended indefinitely, 
it becomes the plam.e of the propeller. Particles thrown off from 
the propeller by the centrifugal force will shoot out in this plane. 
It is therefore a good practice to avoid the plane of the propeller 
when the propeller is running. 
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Each element of a blade of a propeller resembles a wdng section 
(see Fig. 2086). This element has a leading or entering edge, a 
trailing edge, and camber. The section is called an airfoil section, 
just as a wing is called an airfoil section. 

The propeller section develops thrust in the same way that a 
•wing develops lift. The propeller section, however, travels in a 
circle at the same time it is climbing (traveling forward). The 
path is called a helix. If the path of a propeller-blade element in 
the air could be photpgraphed, it would resemble the threads of a 
screw\ (A propeller is sometimes known as a “screw.”) 



Since all elements of the propeller -blade must travel forward 
the same distance per revolution, the elements nearest the hub 
must travel along a steeper helix than the elements at the tip. 
The blade angle is made greater near the hub to pro\dde for this. 

236. Stresses on a Propeller.—propeller is the most “over¬ 
worked” part of the airplane. The stresses developed are: 

1. Bending in plane of rotation by the torque of the engine. 

2. Centrifugal Force .—A portion of a blade, of about 1 lb. weight, near 
the tip of a 10-ft. propeller operating at the usual rated speed, develops in 
the order of 2 to 5 tons centrifugal load. The unbalanced force caused by 
the loss of one blade is sufficient to tear a motor out of the airplane. 

A p-iece of propeller slung off fro77i the tip will have a velocity very little less 
than a rifle bullet. 

3. Bending Due to the Thrust Load .—This is partially counterbalanced by 
the centrifugal force. 

4. Yibration .—^Tbis is the worst condition. The worst form of vibration 
is flutter. A propeller which has a tendency to flutter -will not last long. 
Resonant vibration means a certain failure in a short while. 

Resonant vibration means that the impulses tending to vibrate the pro¬ 
peller (such as engine impulses due ‘to the fuel explosions) have the same 
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frequencv of occurrence as the natural frequency of vibration of the pro- 
peUer. As an example of resonant vibration perform the following simple 

experiment; , , , . -.rx - i 

a. Tie a small bolt to one end of a thin rubber band about 10 m. long. 

5. With the other end of the band in the fingers, suspend the bolt, and 
note its nsLiural frequency of vibration up-and-dov n. 

c Xow move the hand with the rubber band up and down at the same 
frequency and note how the bolt gains in amplitude (displacement from the 
position of rest). 

Vibration causes fatigue failures. We have noted prexiously 
that small scratches, abrasions, etc., in the metal very quickly 
start a fatigue failure, since the stress is unduly concentrated at 
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Fig. 209-—Hub of adjustable-pitch propeller. 


such points. This explains the.neeessity that these small defects 
must have daily attention. 

237. Types of PropeUers.— The types are: 

1. Wooden, blade angle fixed; used on small airplanes only. 

2 Metal, fixed blade angle; little used. 

3. .4djustable pitch (detachable blades); metal, aluminum alloy, and steel. 
Blade angle is set in the shop (see Fig. 209). 

4 Controllable pitch. The pitch may be controlled m flight; generally 
refers to propellers which have two blade-angle settings, one for take-off 
and one for cruising flight. The blades are controlled by mechamcal means 

or by oil pressure. , - i 

5. Variable pitch. Any blade angle may be set in flight, 
e! Constant speed. The blade angle is set, in flight, automatically to 
hold the engine to a constant speed. It is controlled by a governer. 

7. Feathering multiengined types. The blade can be “feathered in 
flight so as to offer the minimum resistance to flight and to stop engine 
rotation. 
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238. Care of Aluminum-alloy Propellers.—The following 
instructions, which t^uII apply to an\" aluminum-alloy propeller, 
are reproduced by permission from “Maintenance of Metal Pro¬ 
pellers,” by Hamilton Standard Propeller Company: 

iTistoXlation .—Proper installation of metal propellers is highly impor¬ 
tant if satisfactory operating conditions are to be obtained: 

1. Hub cones and seats should be carefully inspected to insure firm 
contact. If galled, the marks or high spots should be removed by use 
of fine emery cloth, or the cone should be replaced. 

2. Front cones should be inspected to insure that the halves are 
matched by number. 

3. Light oil shoidd be applied to the cone seats and shafts before 
installation of the propeller. 

4. The force exerted by one man using a bar two or three feet in length 
is considered ample to properly tighen hub retaining nuts, if the cones 
are seating properly. 

o. After test flight hub retaining nut should be checked for tightness. 

6. After installation, the propeller should be rotated through an arc 
of 180° for the purpose of checking the track. If the error exceeds 
inch, the propeller should be checked and corrected by an authorized 
service station. [See Job Units 53 and 54.] 

239. Daily Inspection and Maintenance.—Hubs and blades 
under abnormal operating conditions may be subjected to severe 
strain tending to induce fatigue. 

1. Hubs and blades should be inspected daily as mounted on the plane. 

2. Hubs should be carefully inspected for fatigue cracks which usually 
start at a point near the blade shoulders on the parting line. 

3- When propellers are subjected to operation on cinder runways or in 
water spray, the leading edges of the blades may become pitted and ragged. 
This in time seriously affects the efficiency of the propeller by destrojdng 
the true airfoil section. If erosion is eliminated in the early stages by means 
of crocus or fine emery cloth, the blades will retain their efficiency for a 
longer period of time and the slight effect on balance will not be noticeable 
in operation. 

4. It has been found advisable for seaplane installations, where propellers 
are subjected to corrosion from salt 'water, to smooth the blades w'ith crocus 
cloth and apply a coating of oil after each day's flying. 

5. Nicks and sharp dents on the leading edges, or gashes on the blade 
faces are particularly dangerous, as they greatly reduce the fatigue strength 
at that particular point. A failure may result unless they are removed 
promptly. (All marrs on the surface of the blades are “stress raisers” and 
cause a stress concentration ■which may raise the stress beyond the endurance 
limit, resulting in a fatigue type failure.) 

6. Sharp dents and nicks and gashes may be removed locally without 
the necessity for reworking the entire blade surface. (See Fig. 211.) A 
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curved “'riffle” ffle is recommended for use in removing the sharp base of 
the nick. Fine emery cloth or crocus should be used for polishing. Care 









Fig. 210.—Propeller-department equipment. (A) Balancing stand, (B) 
table for checking and setting pitch angle of adjustable-pitch propeller, (C) 
and (jD) pedestals to accommodate two-blade and thiee-blade controllable-pitch 
propellers, (E) repair stand, and (F) buffer. {Courtesy of Parks Air College,) 
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Fig. 211. —Tsrpical nicks in aluminum-alloy propeller blade and method of 
removal. {Courtesy of Hamilton Stcuidard Propeller Company^ 

should be taken in removing nicks from the blade face to, insure tbat the 
thickness is not reduced more than is necessary. 
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It is recommended as an added safety precaution that the 
surface, after removal of a nick, be etched, examined with a 
magnifying glass (to insure that the nick is entirely removed and 
that a crack has not started), and then polished locally. Pro¬ 
pellers ha^ung very severe nicks or gashes should be sent to an 
authorized ser\dce station or to the factory for repair. 

240. Assembly and Balance.—Proceed as follows: 

1. Propellers should be assembled on a suitable spline adapted to insure 
correct alignment of the splines in the hub halves. 

2. Two-piece clamp rings should be placed on the hub with the bolt 
side centered on the hub centerline away from the engine, except where the 
engine or cowling does not provide sufficient clearance for the hinge pin. 
In this case, the bolt sides of the clamp rings should be placed at 45 deg. 
to the shaft-bore centerline (on opposite sides) and 90 deg. apart. 

3. One-piece clamp rings should be placed on the hub with the bolt on 
the exact centerline of the hub, away from the engine. 

4. To check the balance, the hub should be fitted with a suitable adapter 
and arbor and placed on a balancing stand and balance obser^^ed with the 
blades in a horizontal position. 

5. The blades should be set at the proper angle and pulled out firmly 
against the shoulders before clamping them into position. Unless this is 
done, the blades will be pulled out by centrifugal force and the propeller will 
become unbalanced. 

6. With the propeller in vertical position on the balancing stand, the 
lower clamp for each blade should be loosened and the blade pulled to rest 
against the hub shoulders. The clamps should then be tightened and 
horizontal balance again checked. 

7. To correct horizontal balance, lead may be added or removed from 
the concentric hole in the blade end. 

8. The balance should then be observ^ed with blades in a vertical posi¬ 
tion; if correction is necessary, the clamping rings, when bolts are located 
on hub centerline, may be moved equally off center in the same direction 
toward the light side of the blades. Movements of 34 ba. should be suffici¬ 
ent to obtain vertical balance. 

9. When clamp-ring bolts are in the 45-deg. position, owing to engine or 
cowling interference, correct vertical balance may be obtained by mo\dng 
one ring only toward the front centerline for a distance which should not 
exceed 34 in.* best results. 

10. An arrow should be stamped on the hub shell and on the clamp ring 
to indicate correct location. 

11. Under no circumstances should clamps be moved toward the hub 
center to effect horizontal balance. 

12. Blade angles at the 42-m. radius (or 30-in. radius) should be alike 
within 0.1 deg. 

13. The “track ” of the propeller may be checked by mounting the propel¬ 
ler on a suitable mandrel and swinging the blades through an arc of 180 deg. 
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An error in track exceeding in. should be corrected. Excessive error in 
track will result in dynamic unbalance (see Job Units 53 and 54). • 

241. Periodic Inspection and Overhaul.—At intervals of 
approximately 200 hr. of flying time propellers should be sent 
to an authorized service station for thorough inspection of the 
hub and etching inspection and refinishing of the blades. Pro¬ 
pellers operated under abnormal conditions resulting in damage 
to blades, ovihg to pick-up from cinder runways, etc., will require 
more frequent serxdcing. 

1 . For thorough inspection, the hub should be disassembled, thoroughly 
cleaned, and the De Forest Magna-Flux method used to detect fatigue 
cracks. If the De Forest method is not available, the hub should be care¬ 
fully inspected by use of a suitable magnifying glass. 

2- Splines and cone seats should be carefully inspected for wear. 

3. Hubs on which the splines are worn in excess of 0.002 in. should be 
replaced, as continued use would probably result in extensive and costly 
damage to the engine shaft or propeller hub. 

4. Front-cone halves should be inspected to insure that they are matched 
by number. 

5 . Rear cones may be lapped to secure satisfactory seat. This work, 
however, should only be attempted by an authorized’service station having 
suitable equipment. 

6 . The blade surface (exclusive of the shank) should be lightly sanded to 

remove nicks and etches, using a 10 to 20 per cent aqueous solution of caustic 
soda, which consists of 1 or 2 lb. of commercial caustic soda for each gallon 
of water used. VTien the surface is well blackened, it should be rinsed with 
pure water, then the caustic action should be neutralized by swabbing with 
a solution composed of 1 part commercial nitric acid to each 10 parts of water 
used. For best results, the caustic soda solution should be heated to 160° 
to 1S0°F. B 3 ’ this method the blade is immersed for only 15 to 30 sec., 

which gives a uniform etch of proper depth and leaves a bright surface, 
permitting readj" detection of any cracks. Any suspected cracks should he 
given a local etch a?id agai?i examined. After etching, blades should be 
polished with a buffing wheel. All paint should be removed before etching. 

7. Small inclusions which form longitudinal lines owing to the forging 
process, are not important, but any cracks or searns across the blade are 
usually a sign of impending fatigue failure and are cause for replacement. 

8 . The limits to which blade sections can be reduced incident to removal 
of nicks and gashes without unduly weakening the blade are specified in 
Repair Regulations Ho. 3. For field guidance it should be noted that 
neither the thickness nor the width of the outer 12 -m, tip section should be 
reduced in excess of 10 per cent of the blade drawing dimensions, except 
that the outer 6 -in. tip section may be modified as becomes necessary, to 
provide a true-airfoil section. 



Sec. 241] 


MAINTENANCE OF PROPELLERS 


313 


9. Care should be exercised not to etch the shank portion of the blades 
except as recommended, as this would affect the fit in the hub. A light 
local etch about 2 in. in diameter is permitted on the clamping section of the 
blade shank at the critical points in line with the leading and trailing edges 
of the airfoil section. (See Points A and B in Fig. 212. ) Care should be 



Fig. 212.—Typical propeUer-blade failure. (Courtesy of Hamilton Standard 
Propeller Company.) 


taken to remove all traces of this local etch by polishing. .Any transverse 
cracks are cause for rejection. 

10. In some cases where hubs of early manufacture are still in use, inter¬ 
ference has been noted between the radii at the top of the hub shoulders 
and the fillets at the base of the corresponding blade shoulder tas shown in 
Fig. 213). 



Correct Condition Incorrect 

Fig. 213. —Seating propeller hub. 


Condition 


11. Where interference is found, the top of the hub shoulder should be 
worked down until interference is eliminated. Where macliiniug facilities 
are not available this work can be done by hand filing the hub shoulder to 
approximately in. radius. ZCo work should be done on the blade shank, 
as this may result in weakness which would impair the safety of the assembly. 

A. Major Repairs to Propellers .—Hubs which have been 
involved in an accident should be inspected by a competent 
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service station using the De Forest Magna-Flux method to insure 
that they are not fractured. Hubs which have been twisted or 
sprung in such a manner as to destroy perfect blade alignment can¬ 
not be repaired a7id must be replaoed. 

Propeller blades involved in an accident can, in many cases, 
be satisfactorily repaired. Too much emphasis cannot he laid on 
the necessity for having all repair work done by experienced person¬ 
nel at the factory or authorized 7'epair stations. Several instances 
have come to notice where repairs have been attempted by 
untrained workmen, unacquainted with strength factors which 
must be maintained and elastic limits which must be respected. 
In some cases, alloy blades have been straightened by heating 
wdth a blow torch, thus reducing the ultimate strength about 40 per 
cent. In other cases, cracked hubs have been welded, thus 
destroying the tensile strength of the chromium-vanadium steel 
at the point 'where most needed and creating a condition where a 
complete hub failure would be almost certain. 

If the blades are slightly bent or twisted^ repairs can be mode by 
authorized service stations. Where the damage is extensive, the 
blades must be annealed before straightening to avoid exceeding 
the elastic limits of the material. 

Full instructions covering this work are given in Repair Speci¬ 
fications No. 3, W'hich are available to authorized service stations 
and which include a graph indicating the maximum angle of bend 
which may be repaired with and without annealing. Blades thus 
damaged must be re-formed in the annealed condition, then 
re-heat-treated to regain the tensile strength, and completely 
refinished. Blade repairs involving annealing and re-heat treat¬ 
ment should never be attempted, except by the factory or certain 
authorized service stations in cooperation wdth the Aluminum 
Company of America, Tvhere proper facilities for heat treatment 
are available. 

. Blades 'which are bent in edge alignment must be annealed in 
a suitably controlled furnace and straightened while hot. This 
work, shall be done only at the factory 'where adequate facilities 
are available. After straightening, the blades are returned to 
the Aluminum Company for re-heat treatment. 

B. Operating Adjustments .—Under normal conditions, pro¬ 
peller-blade angles should be adjusted to provide the rated engine 
r.p.m. and horsepower in full-throttle level flight. For hea'vily 
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loaded planes and for some special purposes the blade angles may 
be reduced to give an additional 5 per cent increase in r.p.m. 
allowed by Department of Commerce Regulations. 

Under certain circumstances it may be desirable to hold the 
engine below the r.p.m. that is normal for a given throttle opening 
by increasing the blade pitch. Care must be exercised, however, 
that cylinder pressures are not thereby increased to a point w’'here 
engine hfe and reliability are sacrificed to a material degree. The 
advice of the engine manufacturer should be secured as to the 
safe limit in each case. 

Further in this connection, it is important that erroneous or 
misleading conclusions are not reached by overpitching the blade. 
Some reports of extraordinary improvement in cruising efficiency 
with the- same propeller at different pitch settings or wdth different 
propellers have been found to ignore the fact that cruising speeds 
must primarily be related to the actual po'wer being taken from 
the engine rather than to engine r.p.m. 

Generally speaking, increased cruising speed at the same r.p.m. 
is possible with any propeller if the throttle is opened wider and 
more powder taken from the engine, but the r.p.m. held down by 
increasing the blade-pitch angles—subject to the practical limita¬ 
tion as regards engine life and reliability, as pointed out above. 

It is often desirable for the operator to have a rough check on 
the suitability of a propeller for the plane and engine- on wffiich 
it is being used. In general practice the a7igle of attack of the pro-- 
peller at full-throttle level flight should be between 1 and 3 deg. ‘when 
obtaining the rated r.p.m. This .may be checked in the foUowdng 
manner: 

Hubs are provided wdth a scale marked in degrees. This scale 
indicates the pitch angle at a point 42 in. from the crankshaft axis 
for propellers greater than 7 ft. 5 in. in diameter and at the 30-in. 
radius for propellers of this or smaller diameter. To find the 
angle of attack, di^dde the maximum speed of the plane in miles 
per hour by the rated engine r.p.m., and multiply by 4. This 
figure represents the tangent of the angle of advance at the 42-in. 
radius. The corresponding angle of advance may be obtained 
from a table of tangents. To find the angle of attack, subtract 
the angle of advance from the blade setting, as indicated by the 
hub marking after the blade angles have been adjusted to give 
rated engine r.p.m. in fuIL-throttle level ffight. Should the pro- 
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peiler be less than 7 ft. 6 in. in diameter, it is necessary to find 
the tangent of the angle at the SO-in. radius. This may be done 
hy multiphnng the tangent as found for the 42-in. radius by 
J 5 . The corresponding angle of advance is then obtained and 
compared vdth the indicated blade setting. The angle of attack 
is the difierence as before. If the angle of attack is greater than 
3 deg., it is usually an indication that the propeller diameter is 
too large. There are, of course, exceptions to this rule, which is 
intended to give only a rough but practical estimate as to whether 
a replacement propeller is operating eflS.ciently. The plane rnanu- 
facturer s recomynendations should he followed wherever possible, 

G. Vibraiion. —The question of vibration in the power plant, 
propeller, and mounting is deser\dng of serious consideration. 
One, but only one, of the ob^dous causes is the propeller. 

The propeller may cause vibration by being either out of dynamic 
or aerodynamic balance, 'Hamilton Standard propellers are so 
designed and constructed that the centers of gravity of all the 
sections lie in a straight line, so that if they are in static balance, 
they are also in dynamic balance. Static balance may be readily 
checked on a balancing stand, which is a part of the equipment 
of all ser\dce stations (see A, Fig. 210). , 

Blade contour is rigidly controlled during manufacture, so 
that when blade angles are the same at the 42-in. radius, the 
propeller will be aero dynamically balanced. 

Vibration frequently occurs at certain speeds and is negligible 
at other speeds. This may be the result of the natural period 
of \dbration of some of the parts coinciding with the rate of engine 
impulses or with the rate of revolution. The engine should be 
checked to insure uniform power impulses, correctly adjusted 
valve tappets, and ignition O. K, The engine mount and fittings 
should be inspected for cracks and tightness. 

Favorable results have also been obtained by increasing or 
decreasing the tension on the resilient pads commonly used in the 
engine-mount structure or by substituting new pads commonly 
used in the engine mount structure or by substituting new pads 
of greater or lesser resiliency. 

The natural period of most Hamilton Standard Propellers is 
well outside the normal operating range. 

242. Care of Steel Propellers.— The follovdng instructions are 
summarized from ‘^Instruction Book” for Lycoming-Smith con¬ 
trollable propeller. They have a general application: 
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A. Service Maintenance: 

1. Coating ivith Oil .—On completion of each day’s flying and immediately 
after each cleaning, all outside surfaces of each propeller should be* thor¬ 
oughly coated with clean engine oil. A propeller not in use should be thor¬ 
oughly coated with clean engine oil as often as necessary to prevent corrosion. 

2. Cleaning .—Outside surfaces of the propeller hub and blades may be 
cleaned with warm water and soap, domestic gasoline or kerosene. Except 
in the case of a few repair operations, steel wool, steel brushes or any material 
that will scratch the propeller surfaces should not be used. After cleaning, 
the surfaces of the propeller should be rinsed with fresh water and dried. 
A thin coat of clean engine oil should then be applied to all surfaces of the 
propeller. The cleaning of the inside surfaces of the propeller is an overhaul 
function and should not be attempted by ser\dce personnel. 

3- Removal of Salt .—After being subjected to salt water, outside surfaces 
of the propeller should be flushed off -wnth fresh water, in order to remove all 
traces of salt. All parts should then be thoroughly dried and coated with 
clean engine oil. 

4. Repair .—The repair of a crack or bend in a blade or a deep cut which 
may cause a crack in the propeller should not he atte^yipted ivithout specific 
instritctions in each case. Raised edges of cuts, scratches, etc., may be 
burnished down or dressed off by honing if a crack is not likely to result 
from such honing. Metal should never be removed from blades under any 
circumstance other than for dressing off raised edges. Small dents in blades 
need not be removed, inasmuch as the operations involved in removing 
same are considerably more harmful. Corrosion and raised points of nicks, 
scores, galls, etc., on the surfaces of the hub should be removed by careful 
filing and hand stoning. 


JOB UNITS 

Job Unit 62. Report on Propellers 

Outline of Work 

a. The several types of propellers on hand are to be described, in detail, 
as to their structure. 

5. They are to be compared, as to their advantages and disadvantages. 
c. A propeller is to be checked for blade angles at various stations out¬ 
ward from the hub, and a chart made of the results. 

Tools and Materials Required.—Level, protractor, table (see B, Fig. 210), 
tape measure. 

Discussion.—Propeller designers have constantly worked for higher 
efiicijzncy and lower maintenance costs. 

Propellers may be compared by setting up an outline such as the foUow'ing: 

Type 1 Type 2 Type 3 

First cost.■. 

Maintenance cost. 

Service life_.... 

Weather resistance 
Etc. 
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This out line is incomplete but will serve as a guide. See Par. 235 for 
theory- of the blade angle. 

Procedure.—Study the propellers in the laboratory and write a description 
of their structural differences. Results of observation may be supplemented 
by reference to texts such as '^Simple Aerodjuiamies/’ Monteith and Carter; 
Dykes’ “Engine Instructor”; or “Simplified Aerodynamics,” Klemin. 

By obser\^ation and reference to the texts if necessary, write out a hst of 
advantages and disadvantages for the three types of propellers. The form 
of outline given in the discussion may be used if desired. 


Blade angle ^ 



Fig. 214.—Sections of a propeller blade. 


Determine the blade angles of a wooden propeller in the laboratory at the 
following stations (see Fig. 214): 

Station 1 — Ri = 24 in. 

Station 2 — Rs = 30 in. 

Station 3 — Rs =. 36 in. 

Station 4 — J ?4 = 42 in. 

Station 5 — R 5 = 48 in. 

Use a level protractor for measuring the angles. Take stations on a good 
blade which has not been damaged. 

Plot a cur\^e of the geometric pitch as in Fig. 215. Write an explanation 
of the fact that the curve is not a straight horizontal line. Sketch cross- 
sections of the blade of the sectioned propeller and refer to these sketches in 
making your explanation. 

Hand in the written report. 

Job Unit 63. Checking Propeller Track 

Outline of Work.—The track of tw’-o or three propellers of airplanes on 
the line are to be checked. 

Tools and Materials.—Surface gauge, scale, stand for surface gauge. 
Procedure (see Fig. 216) 

1 . See safety precaution at the beginning of this chapter. 

2 . Care should be taken that the airplane remains perfectly stationary 
during the check. 
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3 Mark corresponding points on the leading edge of each blade about 
4 to 10 in from the tip, equal distances from the center of the hub. 

4 . Set the scriber of the surface gauge as in Fig. 216. so that it just touches 

the marked point on blade 1. e -i. - + + 1 .^ 

5 . Rotate the propeller and check distance of scnber point from the 
marked point on blade 2. A perfect check is desirable, but a to 6-m. 



Job Unit 64. Checkmg Track of Metal Propellers 
(U. S. Air Corps Method) 

OutUne of -Work.— The tracking of the blades of a two- or three-bladed 
aluminum-alloy blade is to 


__^ _ is to be 

checked- 

Tools and Material.— Aluminum- 
alloy and steel propeller, propeller- 
blade protractor, surface gauge, 
scale- Checking table (see B, Fig 
210 ). 

Procedure.—Owing to the penms- 
sible variations in the radii and other 
dimensions of detachable blades, the 
tracking of propellers having such 
blades cannot be accurately deter¬ 
mined by checking from the tips, the 
leading edges, or the trailing edges. 
The correct method is as follows: 

1. Insert the required assembling 
and checking bushing into the pro¬ 
peller hub and place the propeller 


Propeller 



,,, ^Sfornd -for 
gage 


Fig. 216.—Cbecking the track 
airplane propeller. 


of an 


Se"^rorfh:p“X!:^kjug Plate. so that the faces o. hat sides 

°“%SuUrcheck the angle setting to see that each blade is at the 
correct angle Tracking cannot be accurately checked unless-each blade 
is set at exactly the same angle. 
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3. Starting w-ith the station at which the blade angle is set, and at each 
6-in. point from that station to the blade tip, draw a straight lead-pencil 
line across the face of each blade, 90 deg.-to longitudinal centerline of blade. 
On each of these lines, with the aid of a steel or other suitable square, mark 
off a point 1 in. in from the trailing edge. These markings must be accu¬ 
rately made on each blade. 

4. Turn the propeller so that the centerline of the first blade to be checked 
is approximately parallel to the centerline of the checking plate. 

5. With a height or surface gauge, check the distance between the face 
of the checking plate and each of the points marked off on the pencil lines 
drawn on the blade. Make a record of the blade and the distance at each 
point, for comparison with the other blade or blades. 

6. Repeat the operations for each of the other blades. 

Tolerance for Aluminum-aUoy Blades.—^The difference in track at any 
like points on aluminum-alloy blades must not exceed in. If the blade 
does not track within that dimension and the deformation is such as not to 
constitute an appreciable bend, the blade will be flexed or bent slightly at 
the proper point to restore its alignment within the specified tolerance. 

Job Unit 66. Balancing of Propellers 

Outline of Work.—If a balancing stand (see A, Fig. 210) is available, the 
instructor may introduce exercises in balancing the various types of pro¬ 
pellers. See, for example, Aerona^itics Bulletin 7-jEf, and manufacturers’ 
instruction books. 

Review Questions 

1. Define blade angle, hub, blade, face, track, balance, plane of propeller, 
tip, shank. 

2. How does a propeller develop thrust? 

3i Name the tyi^es of stress loads on a propeller. 

4. What is resonant vibration? Explain. 

6. What is propeller flutter? 

6. Why should scratches on a propeller receive immediate attention? 

7. Why are scratches called “stress raisers?” 

8. \^Tiy is fatigue stress in a propeller important? 

9. Explain how to install an aluminum-alloy propeller. 

10. How is propeller track measured? 

References 

1. Part 18, Civil Air Regulations, Maintenance, Repair, and Alteration of 
Certificated Aircraft, etc.. Civil Aeronautics Administration, U. S. Depart¬ 
ment of Commerce, Washington, D. C. 

2. “Handbook of Instructions for Airplane Designers,” U. S. Army Air 
Forces. (Not available to the pubhc.) 

3. “Mamtenanee of Metal Propellers” and “Constant Speed Propellers,” 
Hamilton Standard Propeller Company, East Hartford, Conn. 

4. Instruction Book, Lycoming-Smith Controllable Propeller, Aviation 
Manufacturing Corporation, Williamsport, Pa. . . 

5. Elementary texts on aerodynamics for study of aerodynamic theory. 
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Questions for Thought and Study of References 

1. Why is a propeller blade thick at the shank? 

2. Explain how to balance a 'wooden propeller. 

3. Explain how to balance a metal propeller. 

4. Explain the operation of a controllable-pitch propeller. 

5. Explain the operation of a constant-speed propeller. 

6. What is meant by efficiency of a propeller? 

7. About what is the average efficiency of a metal propeller? Of a 
wooden propeller? 

8. What is propeller slip? Slip ratio? 

9. Define geometrical pitch of a propeller. 

10. Which in general is greater, geometrical pitch or aerodymamic pitch? 



CHAPTER XVI 


SERVICING OF SHOCK ABSORBERS, BRAKES, AND 

TIRES 


JL 


It is not practical to give, in this text, the instructions for 
ser^dcing all makes of shock absorbers, brakes, and tires on the 
market. The different makes of each, however, have, in general, 
fundamental characteristics which are the same. 

It is the purpose, in this chapter, to give 
these common fundamental characteristics, 
and then to give specific instructions, as out¬ 
lined by the manufacturer, for the servicing 
of one or two makes of equipment. This 
arrangement will give the student training in 
the essentials. 

In the shop, the manufacturer's instruc¬ 
tions for the make of shock absorber, brake, 
or tire should be on hand and followed, for 
the most satisfactory service. 

243. Shock Absorbers.—Shock absorbers, 
together wdth the tires, constitute the 
cushioning unit in landing and taxiing. 

The principal elements of a shock absorber 
are as follows: 




-B- 


-w 

A 


'Inner 

cylinder 

^Oi! forced 
ih rough 
orifice 

'Packing 

^Orifice 

'Oil 


'OuPer 

cylinder 


1. See Fig. 217. The landing load P forces the 
oil through the orifice C from cylinder B to cylinder 
A. This allows the stmt to telescope, thus relieving 
the landing load and dissipating the energy without 
rebound. 

2. When the cylinders in Fig. 217 have reached the 
limit of their telescoping, the stmt no longer serves 
as a shock absorber. Thus, provision must be made 

for taxiing-shock absorption. Compressed air in chamber ^ or a coil spring 
in chamber P, ora combination of both, may be used for this (see Figs. 218, 
219 and 220). 

3. The rate of flow of the oil from one chamber to the other through orifice 
C (Fig. 217) determines the velocity of telescoping the strut. ■ It is desirable 
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Fig. 217.—Absorb¬ 
ing (shock) energy by 
flow of oil through an 
orifice. 
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that this velocity of telescoping be regulated, during the stroke, to provide 
(with the tire) just the right amount of shock absorption. This is accom¬ 
plished by regulating the area of o-pening of the orifice by means of a metering 
pin or needle of var\'ing cross-sectional area which travels through the orifice 
during the stroke (see for example Figsl 218 and 220). 

4. To prevent excessive rebound, the return flow of oil from one chamber 
to another is retarded (see for example the flap valve of Fig. 220). 

244. General Service Rules for Shock Absorbers.—It is obvi¬ 
ous that all shock absorbers should receive 
the following general service attention: 

1. The compressed air should be maintained at 
the proper pressure for satisfactory service. 

2. The oil should be maintained at the proper 
level. 

3. It is important that the right kind of oil be 
used. See manufacturer's recommendation, 
which is probably on a metal plate attached to 
the strut. If it is not, obtain from a representa¬ 
tive, or from a local reliable aerosupply company. 

JOB UNITS 

Job Unit 66. Servicing Aerol Shock 
Absorbing Struts 

Manufacturer.—The Cleveland Pneumatic 
Tool Company, Cleveland, Ohio. 

Manufacturer’s Instructions.—Service of Aerol 
Oleo-Pneumatic Strut (see Fig. 218). 

Inflation Instructions, 

1. Remove dust cap (No. 9) and valve cap 
(No. 12), then attach air hose to valve body. 

2. Inflate with compressed air only until red s^cK-aosoro- 

.. .. strut. {Courtesy of 

line on piston tube (.4) is approxunately o m. Cleveland Pneumatic Tool 
below packing gland (No. 6). Move airplane Co.) 

for-ward and baclcward several times while inflat¬ 
ing, to allow’- the wrheels to take their normal position. 

3. Check air valve inside (No. 10) to be sure it does not leak. Replace 
if necessary. Replace valve cap, and dust cap. The position of the aerol 
strut should be checked occasionally to insure equal inflation. 

Repriming Instructions 

1. Aerol struts should only be reprimed w'hen there is an indication of 
oil leakage. 

2. Deflate by pressing valve inside (No. 10) until strut is fully compressed. 
Remove the valve insides. 

3. Remove primer plug (No. 11) and fill with Aerol Strut Oil. 
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4. Replace primer plug securely and replace valve insides. Inflate as 
per above instructions. 

. 5. If there is any indication of oil leakage at gland (No. 6), loosen lock 
nut (No. 5), and tighten gland nut slightly. 


Job Unit 67. Servicing Oleo-Spring Strut 

Manufacturer.— ^The Cleveland Pneumatic Tool Company, Cleveland, 
Ohio. 

Manufacturers Instructions.—Service of Aerol Oleo-Spring Strut (see 

Fig. 219): 

B lermmal 1- struts should be filled with 

Jl_y oil occasionally. Fill struts with air- 

j| I I Pis-hon lube plane at rest on level ground with no 

I ■ load. Remove plug (No. 14) and fill 

I j I Filler iube plug with Aerol Strut Oil. 

I 2. If there is any indication of oil 

\\j^1^ Filler rube leakage by the packing, loosen lock nut 

tighten follower nut (No, 
Follower nui 4 ) then tighten the lock nut. 
jl ^ Lock-nub 3. On all correspondence to the 

S ' factory, be sure and advise type and 

i|fc/~ r\^ serial numbers as indicated on the name 

I Follower plate. 

''1© P/sbon hec/d 


Cylinder 

■ Manufacturer.— Bendix Products 

spring Corporation, South Bend, Ind. Manu¬ 

facturer's general maintenance instruc¬ 
tions (see Fig. 220): 

rs\ , , ’ . Functioning.— Benlix Pneudraulic 

^ c>wer erm/nor shock-absorber struts are of the com- 

Fig. 219.~Aerol Oleo-Spring hydraulic and pneumatic type, 

strut. {Courtesy of the Cleveland loads are dissipated mainly 

Pneumatic Tool Co.) through the hydraulic unit by forcing 

fluid through the annular orifice, the 
size of which is controlled by the position of the metering pin in the orifice. 
Taxiing loads are carried mainly by the compressed air. 

When the load comes on the strut and compression starts, the piston 
forces fluid through the orifice into the upper chamber where the rising fluid 
level compresses the air above it. WTi'en the strut has made sufi^cient stroke 
to absorb the energy of the impact, the air at the top expands and forces the 
fluid back. On the return stroke a valve, which is open on the compres¬ 
sion stroke, is closed, and the fluid is forced 'back from one chamber to 
another through small holes. This acts as a snubber, preventing quick 
rebounds. 


Job Unit 68. Servicing Bendix 
Pneudraulic Shock Struts 


Lower fermlna/ 


Pneumatic Tool Co.) 
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B. Fluid.—The fluid used in the Bendix Pneudraulic shock struts, called 
Bendix Pneudraulic Strut Fluid, is' obtainable from the Bendix Products * 
Corporation, South Bend, Ind. In the case of emergency, Standard Lock¬ 
heed Brake Fluid No. 5 may be used for initial filling or for partial refilling. 
(The Bendix Strut Fluid should not be used for filling brakes.) Mineral 
oils must not be used, owing to possibility of packing deterioration. 

C. Fluid Level.—Whenever the installation permits, the filler-plug boss 
is located on the centerline of the strut in the 

side \dew of the airplane in such a position that 
when fluid is just level with the hole in the boss, 
with the strut in the fully compressed position, i 

the correct amormt of fluid is indicated. Locat¬ 
ing the hole in this position prevents possibility 
of error due to having the airplane in level landing I 

as compared with three-point landing position ; j 

for filling. If the installation does not permit ; 

this location of the filler plug, it becomes necessary j | 

to put in an extension tube from the fifler plug i 

boss to the center of the strut of such a length [ | 

that when no more fluid can be added, the correct 1 | f/^fp ycr/ye 

amount is indicated; Sometimes it is necessary 
to locate the filler-plug boss on the front of the 
strut or in some other position, which means that S ^ 
the strut must always be filled in one position— ^ 

usually that taken by strut when tail wheel is on h/'' 

the ground. L y 

There need be no definite inspection period for | Si 

checking the fluid level in the struts. A certain I n S 

amount of fluid loss, due to seepage past the I _ 

packing rings, is to be expected and the fluid level 
in the strut will vary according to the amount of Orifice 

seepage, which may not be the same for any two ^' ~F/uiof 

struts. In general, however, the fluid level should j ■ - Vctricfb/e 

be checked whenever the strut strikes bottom or section pin 

top with ordinary usage when inflated to the {Meteringpfri) 

proper extension. This indicates that the pro- (Oj 

portion of fluid to air has been decreased to a PiG. 220. _ Bendix 

point where the air does not build up sufficient Pneudraulic shock strut, 
pressure to prevent bottoming. To check the tj’-pical general arrange- 
fluid level, deflate the strut by depressing the {Courtly of Ben- 

valve core, then back off the filler plug one turn 

until all the fizzing of air and fluid stops. Remove the filler plug and check 
the fluid level. This level should be flush with the filler-plug hole when the 
strut is fuUy compressed. 

' "When a completely empty strut is filled, care should be taken completely 
to extend and compress the strut at least two times to make sure that all 
air pockets are eliminated before the final check for fluid level is made. This 
is unnecessarv when fluid is added after the strut has been in service. If 


' Snubber 
tube 


y-Orifice 
^"F/uict 

■ - Varicfb/e 
section pin 
{Metering pin^ 
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the stmt is not in place on the airplane when it is filled, care must be taken 
to place it under the same angular conditions as on the airplane when final 
level is checked. 

D, Inflation.—The actual air pressure required to inflate Pneudrauhc 
shock struts depends upon the axial load on the strut due to the weight of 
the airplane and also on the friction due to the packing and any bending or 
torsional loads on the strut. These pressures vary from 200 to 800 lb. per 
square inch. Owing to the small quantity of air in the strut and the rela¬ 
tively high pressure required,, it is inadvisable to attempt to measure the pressure 
u'ith a gauge. This is unnecessary as the correct pressure is indicated -when 
the specified extension of the stmt is obtained under the full load. If it is 
more convenient to check pressures under a light load, the actual extension 
under this load should be noted after the strut has been properly inflated 
under the full load. The correct extension under full load is specified on the 
instmction plate. 

Either a Bendix Booster Pump or high-pressure air bottle may be used 
for inflating struts. For first inflation the distance should be approximately 

in. greater than specified, as. moving the air¬ 
plane around will cause some absorption of the 
air by the fluid. A variation of in. either 
way for final reading should not be considered 
of importance. Adjustment should be made 
with the airplane out of the wind and without 
the slipstream from the propeller, and after the 
airplane has been moving forward, tail on the 
ground. The airplane should also be rocked 
occasionally while inflating to overcome 
packing friction, thus preventing inadvertent 
overinflation. 

After the struts are once correctly adjusted, 
readjustments should not be made for minor changes, as these may be due to 
change in position of airplane, change of load, wind action, packing friction, 
rolling the airplane backward, etc. Always check only after airplane has 
been correctly loaded and has been rolled forward with tail down. Do not 
overinflate, as hard taxiing and bounce at contact will result. 

The filler plug, which also contains the air valve, is provided with an 
annular ring on the under side of the hex. A soft copper gasket is provided 
betw^een this ring and the plug seat on the strut. These seats must be free 
from dirt and marks, and the plug must be seated snugly to prevent air 
leaks at this point. If needed, a new gasket should be used each time the 
plug is replaced (see Fig. 221). 

E. Air Valves.—^Two types of air valves are suitable for use in these 
struts. Both are special types, developed for this purpose, one by Schrader’s 
Sons and the other by Dill Manufacturing Co. These valves function like 
the ones in an automobile tire. The hex cap provided with this type of valve 
has a soft-metal seat to furnish a secondary seal. It should be screwed 
down tightly, but not so tightly that the tin seat in thh cap is forced 
inw’ard, thereby depressing the valve-core stem. The cores are replaceable. 



Fig. 221. 
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The valve core and the seat around the filler plug should be tested for 
leaks by putting a little oil on these joints to show the presence of air bubbles. 
Mineral oil should not be allowed to reach the packing rings, as gumming 
may result. 

If the air pressure is especially high, it is desirable to not overinflate struts 
as experience shows that the valve cores are more easily damaged by the 
releasing of high-pressure air through them than in any other way. Under 
the pressure ordinarily used, no difficulty results from this condition. 

F, Packing.—The packing used in the Pneudraulic strut is a special 
aircraft packing, designed specially for this work. Two moulded composi¬ 
tion rings separated by aluminum-alloy spacer rings are used. One type 
of design of the packing box requires rings with inside flexible sealing lips, 
and the other type requires rings with the flexible lips on the outside. 



Fig. 222. Fig. 223- 


Sealing on the lip side of the packing is accomplished automatically by 
the hydraulic pressure; hence, any leakage on this side of the packing cannot 
be remedied by tightening down on the packing nuts. How'ever, leakage 
past the fixed side of the packing can usually be eliminated by tightening 
down on the packing nut, as the heel of the ring is thus forced firmly against 
the packing-gland wall. 

Packing rings, which will, of course, wear out in service, may be replaced 
as follows: 

1. Release all air from the strut by depressing stem of valve core. 

2. Remove filler plug and pour out fluid. 

3. Unscrew nut at end of cylinder. 

4. Pull out piston-tube assembly, if necessary, using a slight bumping 
action to break rings loose. 

5. Study of this assembly will show how rings may be removed. 

6. New rings should be installed in same manner as old ones. 

7. After rings are installed, tighten packing nut down firmly to provide 
seal at heel of ring on side opposite lip. 

a. If the rings are of the inside-lip type, the packing nut is on the cylinder 
and is tightened dovm as the last assembly operation (see Figs. 222 
and 223). 
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b. If the rings are of the outside-lip type, the packing nut is on the piston 
tube. It should be tightened down snugly before the piston-tube 
assembly is inserted in the cylinder. After the piston and rings are in 
the cylinder, but with, the packing nut still outside, the nut should be 
tightened down firmly. In this case the nut at the end of the cylinder 
is used to prevent the strut from pulling apart (see Fig. ’224). 

Storage.—Struts should not be kept in storage in the inflated condition, 
except for short periods or when desired for immediate replacement, as the 
packing deteriorates as much when under air pressure in storage as in serv¬ 
ice. 'V\nien struts are to be stored for long periods as spare parts, it is 
recommended that the inside be coated with a rust preventative, and that 
the struts be assembled without packing or fluid. 

It is, of course, very important that the rust pre¬ 
ventative be thoroughly cleaned out before the strut 
is provided with new packing, filled, and reassem¬ 
bled for service. 

245. Airplane Brakes. —These are of two 
types: 

1. Mechanically operated brakes. 

2. Hydraulically (oil-) operated brakes. 

In general, airplane brakes are quite similar 
to automobile brakes in their operation, 
maintenance, and adjustments. Airplane 
brakes, however, are usually in two units, 
one unit for each landing wheel. This pro¬ 
vides individual control for turning, taxiing, and landing. 

The principal parts of an hydraulic brake are: 

1. An oil line from the brake pedal to the brake for transmitting the 
braking impulse. 

2. A master cylinder, the piston of which is connected with the foot pedal, 
wkere the oil-pressure braking impulse is developed. 

3. A cylinder, bellows, or similar means for transmitting the braking 
impulse to the brake shoe. 

4. A reservoir for keeping the system supplied with oil (braking fluid). 

246. General Rules for Servicing Brakes. —^These rules are: 

1. The brake shoe should be properly adjusted with respect to foot-pedal 
travel, so that the best braking conditions result. 

2. The brakes should be maintained so that they always release properly, 
and so that they do not drag. 

3. In hydraulically operated brakes, the oil system should be free from 
air. Air is removed from the system by bleeding the line; that is, by forcing 
oil through until all the air bubbles are forced out. 
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4. All mechanical parts of a brake should be kept free from water, as the 
brake will freeze up at high altitudes and lock in landing. This precaution 
is especially necessary for control wires operating in tubes. 

JOB UNITS 

Job Unit 59. Adjustment of Bendix Mechanical Brakes 

Manufacturer.—Bendix Brake Co., South Bend, Indiana. 

Adjustment Instruction for Mechanical Brakes Used with Roller Bearing 
Wheels.—These instructions apply to mechanical brakes employing the 
lever-ty’pe control, and Star wheel adjusting screw. Bulletin 19 covers 
instructions for other types of mechanical brakes used with roller bearing 
wheels. 

1. Before attempting to adjust the brakes, jack up the wiieel, and apply 
the brake several times to be sure the-brake releases properly and promptly. 



Fig. 225.—Mechanical brake. (Xlourtesy of Bendix Brake Co.) 

If not, the hookup should be gone over carefully, all frayed spots in the 
cable corrected and pulley bearings lubricated until the brakes release 
rapidly to the full “off” position (see Fig. 225). 

2. Remove the wrheel, inspect the brake for damaged parts and the 
brake lining for grease. If the lining is greasy, replace with new lining. 
If the brake shoe return springs do not have a good initial tension, they should 
be replaced. 

3. Inspect the wheel bearings and remove any thin.grease. Repack the 
bearings, using a small quantity" of hea\>y graphite fibre grease, and renew' 
the felt washer if necessary.. 

4. Replace the w'heel and the wrheel-bearmg adjusting nut. Be sure 
there is no brake drag. Then, writh the wheel spinning, tighten the adjust¬ 
ing nut slowly until a bearing drag on the spinning w'heel is noticed. Back 
off the nut approximately' one quarter turn and lock in position wdth a 
cotter pin. Brake drag should not be confused with bearing tightness while 
rotating,the w'heel durmg bearing adjustment. Replace the hub cap. 
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The brakes should now be adjusted as follows: 

1. Loosen the eccentric lock nut and turn the eccentric in the direction of 
wheel rotation until the wheel is locked in position. Back off the eccentric 
until the wheel just rotates freely. With a close-fitting wrench hold the 
eccentric in this position and tighten the lock nut. 

2. Uncover the adjusting-screw hole by rotating the cover plate and with 
a screwdriver turn the notched wheel of the adjusting screw away from 
the axle until a brake drag is noticed when turning the wheel by hand. 
Back off the notched wheel until there is no brake drag. Replace the 
cover plate. 

Note. —On brakes using the Star wheel adjusting screw there is a positive 
stop provided for the actuated end of the primary shoe, which definitely 



Fig. 226 . —Hydraulic brake. {Courtesy of Bendix Products Corporation.) 

sets the “off’’ position of this shoe. Therefore, no adjustment is necessary- 
to the brake-control lever other than outlined under (3). 

3. The angle between the actuating rod or cable and brake lever should 
not be over 80 deg. when the brake is fully applied. This angle should be 
checked and corrected if necessary, but need not be changed if once corrected 
as the Star wheel adjustment entirely compensates for lining wear. 

4. Owing to cable stretch, it may be necessary to adjust the operating 
cable sufficiently to bring the brake pedal into a, position convenient for the 
pilot to operate it. 

Job Unit 60. Adjustment of Bendix Hydraulic Brakes 

Manufacturer.—Bendix Products Corporation, South Bend, Ind. 

Adjustment Instructions for Hydraulic Brakes Used with Roller-bearing 
Wlieels. Bleeding the Line.—Whenever the hydraulic line connecting the 
master cylinder to the brake cyhnder is disconnected, air will be admitted 
to the system and the line must be bled to remove the air. This same 
condition may develop if the fluid reservoir becomes empty. Air in the line 
may be determined by the action of the brake pedal. If the brake pedal 
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has a spongy action when applying the brake, the cause may be due to air 
compression in the system. 

It will be noted from Fig. 226 that there are two fittings to the brake- 
actuating cylinder, namely, the inlet fitting and the bleeder. The bleeder 
is a needle valve with a cap or dust cover on the end. 

To bleed the line proceed as follows: 

1. Fill the resenmir with hydraulic-brake fluid, Lockheed No. 5. During 
the bleeding operation it may be necessarj^ to check the fluid level in this 
reser\mir several times, never allowing it to become empty. 

2. Remove the dust cap or screw from the bleeder fitting. 

3. -Unscrew the bleeder valve one-half turn. 

4. Prepare a piece of rubber tubing at least 12 in. long and slip one end 
of the tubing over the end of the bleeder fitting, allowing the free end of the 
tubing to hang in a receptacle. 

5. Operate the brake pedal back and forth slowly; this action pumps fluid 
out of the reservoir and through the system. Continue this operation until 
the fluid from the hose connection on the bleeder is free of air bubbles. At 
least one pint of fluid must be pumped through the system before all air is 
removed- 

6. Close bleeder fitting tightly and insert the dust cap. 

7- Check the fluid in the reservoir, adding fluid if necessary. 

Job Unit 61. Service of Goodyear Airwheel Hydraulic Disk Brakes 

Manufacturer.—The Goodyear Tire and Rubber Co., Inc., Akron, Ohio. 

A. Hydraulic Disk Brakes.—Goodyear hydraulic disk brakes are extremely 
simple, practically foolproof, powerful, smooth, and long-wearing. The 
mechanism is nothing more or less than a multiple disk, metal-to-metal 
clutch which functions as a brake. 

This is accomplished by having bronze disks which are keyed to rotate 
with the hub fixed alternately with steel disks which are nonrotating, as 
they are keyed to the brake anchor bracket. 

These disks are pressed together by means of a piston; and inasmuch as 
this piston is actuated by a fluid line connected directly to the brake pedal, 
proportionately as much braking power will be received as is apphed to the 
pedal. 

A master cylinder is installed in this fluid line, which provides the proper 
amount of pressure for the brake system. The proper linkage was provided 
by the airplane manufacturers^ engineers so this master cylinder would 
build up the required fluid-line pressure from a proportionate amoimt of 
foot-pedal pressure. This master cylinder is, in reality, a pump, and it is 
kept supplied with fluid by gravity from a supply tank mounted usually 
just ahead of the fiLre wall. 

When the brake pedal is apphed, the piston in this master cylinder is 
mechanically moved ahead, thus creating the desired amount of pressure in 
the fluid line below the master cylinder, which pressure is directly trans- 
■ mitted to the wheel piston which then moves and presses the disks together. 

When the plane is ready for deUvery, the hydrauhc brake system has 
been properly adjusted and bled so that there is no air in the entire system. 
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If there were any air in the system, this air would be compressed when the 
brake pedal is applied and no movement of the brake piston would, 
result. 

As delivered, the braking system should be good for a great number of 
normal landings, and it should riot be necessary to add more brake fluid to 
the supply tank, rebleed the system, or replace any parts. 

This statement assumes normal usage. Naturally, like anything else, 
unusual or continued severe usage of the brakes will demand inspections, 
replacements and adjustments of parts, \rhich would not be necessary under 
normal brake usage. 

If any dirt gets into the system, there is a possibility that small particles 
might destroy the complete seal of either the front or the rear master cylinder 
seal, or possibly the wheel piston seal, which w^ould cause loss of fluid and 
possible entrance of air into the line. 

If this should occur, it would only be necessary to flush the entire system,. 
clean the two rubber seals in the master cylinder, or the wheel-piston seal 
if the leak is at the wheel, by washing them in alcohol. (Never use gasoline 
or oil on the rubber parts.) 

It will then be necessary to bleed to eliminate all air from the system. 

B. Bleeding the System 

1. If it becomes necessary to bleed the system, the first step is to see that 
the supply tank is fuU of fluid. 

2. Regular Lockheed No. 5 brake fluid is recommended for Goodyear 
airwheel disk brakes, and may be obtained from practically any service 
station. 

3. Bleeding with Air Pressure. —^The airplane factory may have provided 
a valve stem in the top of the supply tank. If so, attach an ordinary hand 
pump to this valve stem, remove cap screw from bleeder plug in the brake, 
and insert in its place a standard bleeder hose (obtainable from any garage). 

. Place the free end of the hose in a clean glass receptacle, back ofl the 
bleeder plug, and immediately start pumping. This will force the fluid 
through the system rapidly and pick up any air in the system. 

Normally after about 34 has come through into the receptacle, no 
more bubbles will appear and the system is then bled. 

The bleeder plug should then be tightened and the cap screw wuth washer 
replaced. 

Be sure to replace the valve cap on the reserve-tank valve. Otherwise, 
fluid might be lost in flight or dirt might get into the supply tank. Also 
make sure that the air vent in the valve cap is clear. 

4. Bleeding without Air Pressure. —If the airplane manufacturer did not 
provide a valve stem in the supply-tank cover, bleed as follow's: 

See that the supply tank is full of fluid. Remove bleeder-plug cap screw 
and washer from bleeder plug in the brake and insert in its place a standard 
bleeder hose. Place the free end of the hose in a clean glass receptacle, shut 
off bleeder plug and then allow pedal to return to full off position slowly. 
This draws new fluid into the system from the supply tank. 
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Again back off bleeder plug, push down pedal rapidly, and after fluid stops 
flowing from hose, shut off bleeder plug. Allow pedal to return to full off 
position slowly. 

^Repeat this operation until no more air bubbles come from bleeder hose. 
Then shut off bleeder plug, remove bleeder hose, and replace bleeder-plug 
cap screw and washer. Check supply tank to make sure that tank is still 
at least half full of fluid. 

5. Replace supply-tank cover. Otherwise, fluid might be lost in flight 
or dirt might get into the supply tank. Also make sure supply-tank-cover 
air vent is clear. 

6. Dirt in the system might possibly clog the compensating part in the 
master cylinder. If this should happen, the pressure or volume on that 
particular brake could not be compensated and the brake w’'ould pump up 
through several strokes of the foot pedal, or owing to expansion from heat 
developed through use of the brake, and remain locked. 

7. Locked brakes are impossible with a system w’hich is clean and properly 
installed; but should this happen, remove the master cylinder, clean all 
parts of the cylinder, and be sure that the small compensating port ahead of 
the piston is not fouled. 

8. Any garage in position to service hydraulic automobile brakes can 
ser^dce these master cylinders or bleed the system, as the principle in both is 
identical. 

9. ^ Naturally, the rotating bronze disks in the brake wear, and greater 
foot-pedal travel results. When the foot-pedal travel has become excessive, 
remove the w'heel from the brake imit and take up on the disk adjustment 
and lock nut. 

10. Screw the disk retaining and adjustment nut up tight, then back off 
until a '^^fooo-in- feeler gauge can be inserted between the disks. (This 
means for the entire set—not for each disk.) 

11. Back off the disk retaining and adjustment nut to the next- lock posi¬ 
tion (eight positions are provided) and install the lock spring, making sure 
to anchor it in the groove provided. 

12. If the bronze disks are sufficiently w’orn, they should be replaced. 
New disks can be obtained from the airplane manufacturer or direct from 
Goodyear Aeronautics Department, Akron, Ohio. 

13. Disks are easily applied by removing the wheel from the brake unit, 
removing the disk adjustment and lock nut, sliding the disks off the brake 
assembly, and replacing the alternate worn bronze disks wuth new’ ones. 

14. Care should be taken to see that a bronze disk is installed next to the 
thick steel-pressure disk, and also that a steel disk goes on last, just before 
the adjustment nut. 

15. When remounting the wheel on the brake unit, the keys extending 
from the bronze disks should all be lined up with a straight edge and the 
parking lever applied to hold them in that position. ■ This wdll permit easy 
mounting of the hub on the brake assembly. If the keys are not held in 
position by the parking lever, the rotating bronze disks will move, and it 
will be extremely hard to center them in the slots in the hub ring. 
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Job Unit 62. Maintenance Hints ^ 

A. Excessive Pedal Travel—Probable Cause 

1. Normal wear of bronze disks. 

2- Improper adjustment or clearance between disks. 

3. Leak in the systern. 

4. Air in the system. 

5. Impro-per adjustment of length of ma^ter-cylinder piston rod. 

6. Improper hrake-pedal setting or linkage. 

7. Lack of fluid in supply tank. 

8. Vent in supply tank stopped up. 

9. Improper bleeding—air mixed with fluid. 

Remedy. 

1. As the bronze disks wear and become thinner, the brake piston must 
travel farther. This results in greater fluid displacement and consequently 
calls for greater pedal travel. 

Remove wheel from brake unit. Remove retaining nut-lock spring from 
brake unit. Turn retaining and adjustment nut up tight. Then turn back 
until between 0.040 and O.OoO in. clearance is available. This can be deter¬ 
mined by forcing a feeler gauge between the disks. (This means for the 
entire set—^not for each disk.) Replace retaining nut-lock spring and lock 
in next lock point. 

When bronze disks are so thin that further adjustment is impossible or 
condition calls for renewal, replace with new set of bronze disks. 

2. The average adjustment for all sizes of brakes calls for 0.045 in. clear¬ 
ance between disks. This means for the entire unit, not for each disk. This 
can be measured with a feeler gauge., 

‘3. If the pedal will gradually go clear on under pressure, there is a fluid 
leak in the system. Check out the leak. 

4. A springy, rubbery action of the pedal indicates air in- the system. 
An excessive amount of air in the system will permit the pedal to go full on 
under normal pressure. In either case the system should be bled. 

5. If the master-cyhnder piston rod was assembled and installed so that 
it w-as shorter than proper, excessive pedal travel would result. Refer to 
information under Master Cylinder Adjustment for proper setting. 

6. This could not occur if the brakes functioned properly when the air¬ 
plane was delivered. It could only occur owing to tearing down of the 
linkage, as during overhaul, and improper reassembling. Correct to original 
condition. 

7. Air will enter the system if the supply tank runs dry. Supply 
tank should be checked at regular intervals and be kept at least one half 
full. 

8. If vent in supply tank becomes stopped, there is a possibility of creating 
a vacuum in the supply tank so that fluid would not feed into the system by 

^ These hints apply directly to Goodyear equipment. However, many 
of the hints wfll, in fundamental principle, apply to all brakes. The hints 
which have a probable general apphcation are given in italics. 
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gravity. As a result, the lack of fluid in the system might permit excessive 
or full pedal travel without resultant brake operation. 

Check the vent in the supply tank and see that it permits passage of air. 

9. If too much air pressure is used when bleeding the system or the system 
is bled several times in a short period of time, the fluid ma^^ become full of 
small air bubbles. Either wait until air accumulates in large bubbles so 
it can be eliminated by bleeding, or drain and refill system with new 
fluid. 

B. Dragging Brakes—Probable Cause 

1. Improper adjustment or clearance between disks. 

2. Improper adjustment of length of master-cylinder piston rod. 

3- Dirt in system. 

4. Binding of brake piston or dust shield. 

5. Use of improper fluid. 

6. Weak or broken brake-piston return springs. 

7. Weak or broken master-cylinder piston return spring. 

8. Dished or warped bronze or steel disks. 

9. Mechanical pedal linkage frozen. 

10. Parking brake. 

Remedy 

1. If disks are adjusted to provide more clearance than recommended, 
excess pedal travel will result. 

If disks are adjusted to provide less clearance than recommended, expan¬ 
sion due to heat resulting from operation may cause dragging or even locked 
brakes. 

See Remedy (1) under A for proper adjustment. 

2. If master-cylinder piston rod is adjusted so as to be longer than proper, 
the compensating port would be covered and the system could not com¬ 
pensate. This might cause dragging brakes. 

Dragging brakes from this cause may develop sufiSicient heat to expand the 
fluid to a point where the brakes would-lock even though the brake pedal is 
in the full-off position. 

If allowed to cool, the brake will function again, but the cause should be 
determined and corrected or the same condition would develop again. 

If brake locks out on the field, open the bleeder plug at the wheel. This 
will release the pressure and the ship can be taxied from the field. However, 
cause should be determined and corrected before operating further, as 
otherwise the same condition vrould occur again. 

3- Dragging or locked brakes may be due to dirt in the system, particu¬ 
larly in the supply tank. Such dirt might clog the compensating port in the 
master cylinder and dragging or locked brakes, as described in R (2), would 
result. 

Dirt in the system may also get under the rubber seals in the master 
cylinder or under the wheel-piston seal and cause leaks, as described in 
A (3). 
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If dirt is found in the system, remove both master cyUnders and dismantle 
the brake assembUes. Then flush supply tank and Imes thoroughly with 

Mo. 5 Lockheed fluid and bleed. . ^ ^ i ■ * k 

4 Dust and dirt mixing with brake fluid at the wheel piston may become 
gummy and may cause sticking of the wheel piston or even c^se air leaks 
plrts should be removed and thoroughly cleaned m alcohol. Then remstall 

^5*?mproper fluid may not operate properly under severe heat or cold 
conditioL. Improper fluid may destroy rubber seals in master cylmders 
or-at wheel piston or cause swelling of rubber seals with resultant closmg 
of the compeLating port. In such case, replace with new seals, flush es ™ 
thoroughly with alcohol, and fill and rebleed nuth No o Lockheed fluid. 

6 K brake-piston return springs are broken or weak, the brake piston 
would not return to full-off position or would move slower -than proper 
Consequently the returning fluid would move sluggishly and the usual feel 
of the\rake would be lacking. This might also cause dragging or locked 
hrakes Replace with new springs. 

7 If master-cylinder return spring is weak or broken, the master cyhnder 
piston ivill not move back against piston stop and the compensating port 
would not be cleared. Results would be as described in B (2). Remove 

and replace with new springs. -i* j-i „ 

8 Dished or warped disks seldom occur. However if disks are dis¬ 
covered to be in this condition, remove them and place them on a fiat plate 
and tap until they return to fiat condition.* Then remstaU. 

If impossible to correct or if disks have become too badly worn from 

operating in this condition, they should be replaced with new disks. 

Dished or warped disks .would change the clearance or adjustment, and 

dragging brakes might result. r 

9. If mechanical linkage is frozen up, it might be impossible for the maste 
cylinder to operate properly, even though the brake pedal is in full-off posi¬ 
tion. Check out and free up the point of trouble. 

10 Parking devices improperly installed or adjusted may cause dragging 
brakes owing to the fact that master-cylmder p^ton is “ 

return against piston stop even though foot pedal 

Cheek out this possibility. Results would be as described in B (2). ihe 
parking device should be adjusted or interference cleared so that master 
cylinder can operate properly. 

Job Unit 63. Mounting and Demounting Low-pressure Airplane Tires on 
Drop-center Rims 

Note; As recommended for Boeing 247. 

A. Mounting Instructions 

1 Examine wheel flanges. Remove any sharp burrs with a file Mount 
■ first bead of casing on wheel at the side opposite brake drum. Method of 
application is a button-holing process, the necessary slack hemg obtained 
by keeping the appUed part of bead as far mto the weU of nm as possible. 
Use a flat, thin, smooth ended tool if necessary. 
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2. Remove core from valve in tube and evacuate practically all the air. 
Replace valve core and insert tube in casing with valve stem pointed outward 
and positioned adjacent to the valve hole in the rim. Inflate tube until it 
is well rounded out but not stretched. Work the tube over the flange, prefer¬ 
ably using a hammer as a tool, holding the hammer head in the hand and 
pushing the tube with the end of handle progressively around the tube. 
Position valve stem at hole and pull up with rim nut, as there is great danger 
of pinching tube when mounting second bead. 

3. Mount second bead as instructed in (1), progressing around bead in 
short advances. Do not sink tip of tool far under casing as there is danger 
of injuring tube. 

4. Inflate to 25 lb. pressure and tighten valve-stem rim nut. 

B. Demounting Instructions. 

1. Remove rim nut and valve core. Allow tube completely to deflate. 

2. Loosen tire beads from both sides of wheel. 

3. Remove bead from rim on the valve side of wheel using two thin flat, 
smooth-ended tools. The methods of removing is a buttonholing process, 
the necessary bead slack being obtained by keeping the part of bead not yet 
removed from the rim as far into the well as possible. 

4- Remove tube making sure that there are no sharp burrs on the rim 
flange. 

5. Remove second bead from the wheel as described in (3). 

Job Unit 64. Mounting and Demounting General Streamline Airplane 

Tires 

Manufacturer.—General Tire and Rubber Co., Akron, Ohio. 

A. Mounting 

1. ■ Soap the bead ledges of the rim, and the tire beads, with a good vege¬ 
table-oil soap. This not only aids in mounting, but the soap acts as a 
lubricant, allowing the beads easily to slide clear out to an accurate bead 
seat against the rim flange as the tire is inflated. 

2. Place the inside bead of the tire only (without the tube) across the 
outside flange of the rim, with the red dot on the casing near the valve hole. 

Note: The outside flange is the one on the valve-hole side. 

. 3. Start the bead over the rim flange by pounding on the inside of the 
tire, using a wooden block of suitable length (see Fig. 227). Continue 
pounding around the tire until all of the inside bead drops over the rim flange. 

4. Dust the entire surface wdth soapstone or talc. 

5. Insert the tube in the casing, as shown in Fig. 228, with the valve stem 
at the red dot in the casing. Reach in between the tire bead and the rim 
and insert the valve stem through the valve hole. Apply rim nut loosely 
to hold valve stem in place. 

Note: All tires are mounted on a balance stand and checked for balance 
at the factory. Any heavy spot will revolve the tire until the heavy spot 
iomes to rest at the bottom. The position of the light spot directly opposite 
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is marked rrith a red dot. By placing the valve stem of the tube at this dot 
the weight of the valve stem tends to counterbalance the heavy spot of the 
tire which is directly opposite, promding as perfect a balance as possible. 

6. Inflate the tube slightly to shape it. Do not inflate tube enough to 


fill the casing. 



Fig. 227.—First step 
mounting tire. 



Fig. 228.—Second step, in¬ 
serting tube. 


7. Beginning opposite the valve stem, use a bar to start the outside bead 
over the rim flange. Finish mounting by using a wooden block, and pound 
the bead over the rim, as shown in Fig. 229. 

8. Inflate the tube with an abnormal amount of pressure to seat the beads.. 
Remove the valve inside and fully deflate the tube, but be sure to leave both 
tire beads properly seated on the rim. Replace valve inside, and again 
inflate slowly to the required pressure. Tighten valve rim nut. 



Fig. 229.—Third step in 
mounting tire. 



Fig. 230.—First step in 
demounting tire. 


9. It may be necessary again to check for balance. This can be done 
on the stub a:sle if the bearings are perfectly free. If not, the complete 
assembly should be mounted on a balance stand. Locate the heavy spot of 
the assembly- Add weight to the wheel, directly opposite this heavy spot, 
until the assembly is in perfect balance and will not revolve from any fixed 
position. 
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B. Demotmtiiig 

1. Let all the air out of the tube and remove rim nut. After tube is com¬ 
pletely deflated, pound both the front and back beads loose from the rim, 
using a wooden block (as shown in Fig. 230). Keep the block against the 
lip of the rim flange, otherwise the blow will tend to tip the bead, making 
it stick tighter than ever. 

2. With a small bar, pry the outside bead over the rim flange at the valve 
stem (see Fig. 231). Be sure the bead of the tire is down in the rim well, 
opposite the valve stem, to pro\dde the necessary clearances. Continue to 
pry around the tire until the outside is off the rim. 



Fig. 231. —Second step Fig. 232. —Third step in 

in demounting tire. demounting tire. 


3. Remove rim nut from valve. Take valve out of the rim and remove 
tube from casing. 

4. With a bar start one side of the inside bead out over the outside flange. 
If it is so tight that it cannot be pried off, the bead may be pounded over the 
rim flange from the back, using a wooden block. (See Fig. 232.) 

Review Questions 

1. Name the essential parts of a shock absorber. 

2. Name the essential parts (a) of an hydraulic brake; (&) of a mechani¬ 
cally operated brake. 

3. Explain how to bleed the oil line for an hydraulically operated brake. 

4. What is the effect of air in the line of a hydraulic brake? 

6. State three general causes for dragging brakes. 

6. State.three general causes for excessive pedal travel. 

7. Explain how to remove a streamlined airplane tire. 

8. Explain how to fill an Aerol strut -with oil. 

9. Explain how to fill a Bendix Pneudraulic shock strut with oil. 

10. Explain how to adjust a mechanical brake. 

References 

1. “Technical Information of Airplane Products,The Goodyear Tire 
and Rubber Co., Inc., Aeronautics Dept., Akron, Ohio. 
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2. Airplane Brakes,” Bendix Brake Co., South Bend, Ind. 

3. 'Cierol Oleo-Pneumatic and Oleo-Spring Shock Absorbing Struts for 
Aircraft,” The Cleveland Pneumatic Tool Co., Cleveland, Ohio. 

4. ''Bendix Disk Wheels and Brakes for Aircraft,” March, 1935, Bendix 
Cast Streamline Airplane Wheels and Brakes,” October, 1935, and "Bendix 
Pneudraulic Shock Struts,” by Bendix Products Corporation, Airplane 
Wheel and Brake Division, South Bend, Ind. 

5. Tire Engineering , November, 1934, General Tire and Rubber Go., 
Akron, Ohio. 

6. "Maintenance and Service Manual, Boeing Model, 247,” by Boeing 
Airplane Co., Seattle, Wash. 

7. "Aeronautical Accessories and Technical Service,” by B. F. Goodrich 
Rubber Co., Akron, Ohio. 

Question for Thought and Study of References 

1. Why should tubes which house brake-operating wires be sealed against 
water? 

2. How would you find out the pressure required in the tire of an airplane 
you are servicing? 

3, How often should shock struts, brakes, and tires be inspected? 

4, Ho'w will a locked brake affect the landing of an airplane? 

6. Name all the causes for locked brakes, and state all the remedies for 
each cause. 

6. What is the effect of the loss of air pressure in a shock absorber? 

7. What is the effect of the loss of oil in a shock absorber? 

8 . What would be the effect of action of a shock strut of using a heavy 
oil or oil which becomes "stiff” when cold? 

9. - Why should grease never be put in a shock strut? 

10 . What information is usually given on the name plate of a shock strut? 
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SAMPLES OF TROUBLE AND INSPECTION REPORTS 

To enable the student mechanic to become familiar with this phase of. 
repair shop routine, the following sample trouble and inspection reports are 
appended:^ 

•1. Airplane Trouble Report. 

2. Airplane Inspection Report. . 

3. Propeller Inspection-repair-installation Record. 

AMERICAN AIRLINES, INC., TROUBLE REPORT^ 

1. Station-Date_Report Number_ 

2. If Enroute AM_^Trip_(Interrupted Flight No_(Delay: 

Date_^_(Station Delay No_(Hrs_Mins_ 

3. Airplane NC_MFGR_^___ 

Total Time_^Time Since Overhaul_^Time Smce Inspection_ 

4. Part. Causing Trouble___ 

Manufacturer of Part_Model_MFG. No_ 

Time Since Last Thorough Inspection of Part_Total Time on Part_ 

5. If Engine Part or Accessory—Left( ); Center( ); Right ( ); Eng. 

No-^Time Since Major Inspection_Since Overhaul___Total 

Time_ 

6. If Personnel: Name_Station_Penalty_!_ 

7. If Trouble Occurred at Some Other Station: Station_Date_ 

8. Description of Trouble and Damages_ 

9. Probable Cause of Trouble_ 

10. Trouble Chargeable: Poor Workmanship( ); Poor Insp.( ); Poor 

Design ( ); Defective Material ( ); Length of Serv.( j 

11. Action Taken 
At Station: 

Installed Parts MFGR. No......New( ); Lsed( ) _ 

Disposition of Unsatisfactory Parts_ 

_To Station_C-44 No.__ 

_To Station __G-44 No_ 

Recommendations for Preventing Recurrence_ 

Signed Mech_Approved Chief Mech_Date_ 

12. Comments Supervisor of Maint_ 

_Signed_Date_ 

13. O’Haul Foreman: 

Cause of Trouble__ 

Disposition of Parts--- 

Recommendations_____^- 

_Signed_Date_ 

14. Action Office Supt. of Maint-- 

__Signed_:_Date___ 

Courtesy of American Airlines, Inc. H.D. 

1 The first three of these reports are by courtesy of the American Airlines, Mr. H. D. 
Ingalls, Superintendent of Maintenance; and the fourth is by courtesy of Aero Insurance 
Underwriters, Mr. Jerome Lederer, Chief Engineer. 

* The blank writing spaces have been condensed. 
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PROPELLER mSPECTION-REPAIR-mSTALLATION RECORD 

Inspection-repair Record _Station___ 

Received from_Hub Design No-Serial No__ 

L □ 

Removed from Airplane NC_^-Engine Serial No-C □ 

R □ 

Received on Stock Transfer No. _ Last Installation Record No. _ 

Condition before Servicing 

Date Received_Propeller Diameter_Ft._In. Track_^_ 


Base Setting- 

General ___—- 

Blade Design _ Stations High Low 


No. 


18 24 .30 36 

42‘ 

42 

48 

54 

60 

66 


1 

I Angle® 1 ; ^ i 

1 ; 




Width ; ; ; I 



• 


Si 

C 


Thickness 1 | ! 






5 

12: 

2 

Angle® i . ! i 






."s 


Width ; • i : 









Thickness* I ! , 1 ^ 







1 

3 I 

‘ Angle® 

- 1 ! 








i 

i 

Width 

1. i 









Thickness* 

i 1 i ■ 








Qondition after Servicing * Last Three Stations 

Date Completed_Propeller Diameter-Ft-In. Track_ 


General _ 

Blade Design 


No. 


18 

24 

30 

36 

42 

42 

48 

54 

60 

66 


1 

Angle® 










Width 




1 



1 


s 


Thickness* 




i 






ss 

2 

Angle® 




1 






a 

'C 


Width 




1 






za 


Thickness* 










S 

3 

Angle® 1 

- 1 









a 


Width 1 ; 

1 








i 


Thickness* ' ; i ; 




j 


1 


Base Setting_ * Last Three Stations 

Hub Plated_Blades Etched Or Magnafluxed_Straightened_ 

List AH Hub Parts Replaced-:- 

Disposition_Date_Reference_ 

Remarks_!_ 


Time Since 
Inspection— 


Total Time Hub_: 3. _;_ 

Total Time Blades 

1 . _: 2 . _:_ 

.PROPELLER DEPT_ 


APPROVED. 


.SIGNED. 
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INITIAL AIRCRAFT INSPECTION REPORT^ 

1. POWER PI/ANT INSPECTION L.- C R 

2. Engine, make and h.p.___ 

3. Time since major overIia.ii 1_ _ 

4. When are engines major overhauled?_—By whom?_ 

5. WTien is oil changed?_;_Grade of oil_ 

6. Wfhen are propellers inspected for pitch, track, cracks, nicks?_ 

7. How often are carburetor wells cleaned?_Fuel Strainers?_Air 

Screens ?- 

8. At what intervals are periodic inspections made? Source of information 

(Log Book) ?_ 

9. ENGINE NACELLES (If airplane is multi-motored use the letters L G B to 
denote which engine you refer to) 

10. Are they clean, do they show care and attention?_ 

11. Are engine mount, ring, bearers and fittings sound (welds O.K.; bolts 

tight and safetied; loose rivets; corrosion; any cracks in fittings)?__ 

12. Any cracks, corrosion, or loose or injured members on fuselage or wing 

structure adjacent to the engine mount fittings?_Are engine fittings 

firmly attached to fuselage or wing?---- 

13. Is cowling in good condition and securely mounted?._Shutters?- 

14. Are rubber vibration dampeners oil soaked or otherwise deteriorat¬ 
ing?-^^^- 

15. ENGINE ASSEMBLY 

-16. Are crank case and cylinders in good condition (Any cracks in crank 
case; lugs; any oil leaks; water leaks; are cylinders and bolts secure; are 

spark plugs clean and secure; fins whole; are cylinder heads sound)?- 

Are ignition wires properly attached to plugs?-^to mags?- 

17. Is ground wire secure and in good condition?_Are the wires in good 

condition (insulation not worn; no cracks; not oil soaked, not rubbing 

anywhere)?_Shielding in good condition?_Are tachometer- 

Oil temperature_Water temperature_Manifold pressure-Fuel 

pressure_Connections secure and in good condition ?-— 

18. Are the generator cables in good condition and securely attached?- 

Booster mag. leads?- 

19. Are engine accessories securely mounted and safetied ^ Gas pumps- 

Carburetor_Generators-^Oil pumps-Oil radiator-Booster 

mag.__Magnetos_^Vacuum pumps—:—Garb, heater-Starter and 

other solenoids_Tach generator-Constant-speed unit-.Water 

radiator?_ 

20. Intake manifold (cracks, bolts tight)-Exhaust manifold (cracks, 

bolts, corrosion)- 

21. By pass valves_Fuel strainers-Induction tubes-Baffles- 

22. Are stacks burned through or thin?-Oil strainers-Other 

accessories- 

23. Is carburetor drain open?_Does it lead gas away from exhaust?- 

1 This report is an excellent one to follow in general inspection of airplanes. 
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24. Are fuel lines and connections (and primer lines) in good condition ?_ 

Do they require annealing?_Are bends properly made?_How 

often are they annealed or changed?-Are lines insulated from 

engine vibrations?_ (Note: inspect lines particularly where they 

go through fire wall). 

25. Are oil lines and connections in good condition?-Water-pump pack¬ 
ing satisfactory?_ 

26. Are oil and fuel lines prevented from rubbing?-Any likelihood of 

oil or gas dripping on ignition system or on exhaust system or electrical 

system?_Is the oil tank securely mounted?-Any cracks in vicinity 

of oil-tank fittings?_Elsewhere on tank- 

27. Is oil drain safetied?_Is oil cap tight (gasket)?-A.re fuel valves 

secureW mounted?__Any leaks?_Is bonding satisfactory?_ 

28. Are the engine controls secure (clevis pins cottered, no interference, no 

binding) Throttle_Spark_Garb, heater-^-Altitude-Car¬ 
buretor_Shutters_Prog, speed-Other ?- 

29. Is fire wall in good condition?-.Any holes?- 

30. Any signs of corrosion in vicinity of battery?-—Any corrosion below 

battery?- 

31. Is the battery securely mounted?_Is the battery container ade¬ 
quately ventilated?___Are the battery cables properly attached?_ 

32. Is battery clean?_What type of cabin and cockpit heater is used 

(exhaust, steam, electric)?_Can it be taken apart for inspec¬ 
tion?_When was this last done?_Is there a permanent fire 

extinguisher installed for engine fires?-^Type?—^-Is extin¬ 
guisher full?_^Tubing O.K- 

33. Orifilces clean?_Does tubing extend around carburetor?_Is 

propeller in good condition (Nicks, clean, hub bolts tight, tight on shaft, 
open seams) ?__ 

34. COCKPIT 

35. Is cockpit clean?_Do you smell gas?_Are window's in good 

condition?_Do window's open and lock easdy?_Are pilot’s 

seats and belts firm and secure?_When was compass last swung 

and compensated?_By whom?-^- 

36. COCKPIT CONTROLS 

37. Are the engine controls secure?_Do they operate properly: Throt¬ 
tle _Spark_Shutter_Heater_Altitude_Pro¬ 
peller_Radiator_Friction locks?_ 

38. Is the instrument board secure?_Are the instruments apparently 

in good condition (no broken glass, hands pointing properly) ?_Oil 

thermometer____Air speed_^T and B indicator_ 

39. Manifold press_^Vacuum gauges_^Tachometer_A.ltitude_ 

Compass_A.ir thermometer (should read temp, of outside air)_ 

Other?_By whom are they serviced?_ 

40. Is the sensitive altimeter connected to static side of pitot tube?_ 

Is pitot tube heated?_ 

41. Are the connections to instruments satisfactory? A re control 

wheels or stick secure and connections cottered?_Are ruddier bar 
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or pedals securely mounted and rudder brake cables or tubes properly 

connected and safetied?-Are bell cranks, sprockets, pulleys, fair- 

leads in cockpit firmly and securely mounted and in good condition?_ 

Do flight controls function satisfactory (any binding, any looseness, 

rubbing or interference) Aileron_Elevator_Flaps__E,udder_ 

Tab or stabilizer_Brakes?_ 

42. Do fuel valves operate properly?_4re fuel gauges working?_ 

Are switches secure and tight?__Any spare fuses?_ 

43- Main switch O.K. ?-Is electric wiring satisfactory? D n naviga¬ 
tion lights work,-landing hghts_instrument hghts?_:_Is flare- 

release mechanism properly installed?_Has it been tested?_ 

Are emergency exits in operating order?_ 

44. Is fire extinguisher full?_Tested?_Bracket secure?_ 

45. Does undercarriage retracting mechanism w'ork satisfactory?_Has 

undercarriage been droo-tested recently?_Is undercarriage warning 

indicator allright?__^_Radio controls O.K.?_ 

46. FIJELi TAI^KS 

47. Are fuel tanks securely mounted?_Are connections and tubing in 

good condition?_^When were sumps drained? _ A ny cracks in 

vicinity of fittings, (fuel line, gauges, drains)?_Are drains safe- 

tied?_Is filler cap secure?__Is strainer safetied? A re vents 

open?_Dump valves convenient?_ 

48. CONTROLS 

49- Follow through control linkage for security and condition of brackets, 
pulleys, bellcranks, fairleads, condition of control cables or tubes at 
bearing points, safetying of turnbuckles and connections, cottering of 
clevis pins, wear at bearings and connections, fraying of cables. 

50. Condition of rudder controls_Aileron_Flap controls_Brakes 

_Fire extinguisher_Dump valve_Elevator_Stabilizer or 

tab_Flare_Aileron rudder and stabilizer tab controls_Other 

controls _U ndercarriage retracting mechanism_Is spare fuse box 

accessible_ 

51. CABIN 

52- Is cabin clean?_Windows O.K.?_Any odor of fuel?-Are seats 

and belts firm and in good condition?_Can passengers interfere with 

controls?_Is door secure?_Is first-aid kit available?-Are 

steps and hand grips secure?_Is fire extinguisher full?-Bracket 

secure?_Are radio receiver, transmitter and generator securely 

moon ted ? A re ventilators and heaters in good condition?-^— 

53. AIRPLANE STRUCTURE 

54. Is airplane clean, is general appearance good, fair, untidy?- 

55. Any excessive oil on belly of fuselage?-Is fabric oil soaked?-Is 

exhaust dangerously close to fabric ?- 

56. FUSELAGE 

57. What is condition of fuselage structure at wing fittings and at wing strut 

attachment fittings?-- 

At undercarriage attachment fittings?-At engine attachments?- 

At. tail-surface attachments?-At tail-skid attachments?- 
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58. Are of these fittings loose?_Do they show wear in bearings? 

_Have you rocked the airplane to check these items?_ 

59. Are the bolt and pins safetied?- 

60. Is the fuselage covering in good condition (rivets, seams, fabric tight¬ 
ness, any broken fairing strips) ?_ 

61. Is cowling in good condition and securely mounted?_ 

62. Is inside of fuselage clean?_ 

63. Is structural condition satisfactory, (corrosion, members true to shape) ? 

__Any wrinkles in skin?_^or fabric?_ 

64. Are drain holes open (Monocoque design?_A.ny debris in rear of 

fuselage?_ 

65. WINGS (Use letters LU, LL, RU, RL, CS to denote left upper, left lower, 
right upper, right lower and center section). 

66. Spars: Are main attachment fittings satisfactory (loose, corroded, rusty, 

do bolts fit snugly; safetied; any wear in bearings)?_4re spars in 

good condition adjacent to the fittings?_Elsewhere?_ 

67. Are strut fittings in good condition on spar?_On struts?_ Any 

wear in strut fitting bearings?. . .Any cracks in strut fitting lugs?_ 

Are strut pins and bolts safetied?_Are struts in good condition (no 

nicks, bend, rust or corrosion)?_ 

68. Are flying wires in good condition, especially where they cross landing 

wdres?_Landing wires?_ 

69. Are lift struts and fittings in good condition?_ 

70. Are strut and wdre cle\ds pins cottered or bolts locked?_ 

71. Are drain holes in wing open?_ 

72. Any broken rib?_^^_Is covering in good condition (any open seams, 

cracks, tears, loose rivets, loose nails, corrosion) ?_ -Any” -wrinkles 

in covering?_ 

73. Is leading edge in good condition?_Is Drag trussing tight?_ 

74. Are aileron hinges secure?_Anjr play in aileron hinges_Are aileron 

control bellcranks, tubes or cables securely attached, and binding?_ 

Are ailerons in good condition, horns secure?_Are hinge pins safe- 

tied?_Are aileron struts in good condition?_Tabs? A r<^ flaps 

securely mounted and in good condition?_ 

75:‘ Is operating mechanism clean and secure?_Are landing and naviga¬ 
tion lights secure?_Retractable landing lights?_ 

76. If wings fold, is locking device secure and in good condition?_ 

77. UNDERCARRIAGE T 

78. -- Are shock struts of equal fengt'_Any play in bearings of chock 

-fitriTt.s ? Other .-stmts ? A rc fittings attaching struts to wing or’ 
fus^age -in. gqocLcbndition ?_ 

79. Are any fitting welds covered by fairing when inspected ?____Are fittings 

at wheel end of struts in good condition (Any nicks, bends, corrosion 
in struts) ?_ 

80. Are tires and wheels in good condition?_Are brake connections 

satisfactory?._ 

81. Is undercarriage cowling secure?_Brakeshoe springs and mecha¬ 
nism?_ 
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82. If retractile, are wells clean, any leaks in hydraulic system?_Is 

retracting mechanism clean?_Is condition of retracting mechanism 

satisfactory?_^Is it properly lubricated?__ 

S3. TAIL WHEEL 

84. Is chock strut in satisfactory condition?_^Tad wheel?_A.re limit 

* wires satisfactory?_4re fittings in good condition?___Any e\’idence 

of strut having damaged adjacent structure?_ 

85. TAIL SXTRFACES 

86. Are brace struts securely attached and ends safetied?_4re they in 

good condition?_.4re hinge pins cottered?_4re hinges tight ? • 

Are horns securely attached?_.4.re turnbuckles or tube ends safe- 

tied?_4re clevis pins on horn cottered?_ 

87. Is covering in good condition?_Does internal structure appear to be 

satisfactory? _ Fin? _ Rudder? _ Stabilizer? _ Eleva¬ 
tor?_Is fin firmly attached and safetied at front fitting?_Are fin 

fittings and.adjacent fuselage structure satisfactory?_Is front con¬ 
nection of stabihzer firm?_Are stabilizer fittings and adjacent struc¬ 
ture satisfactory?_Amy serious dents in (lower) strut?_In leading 

edge of stabihzer?_Is bottom of stabihzer and bottom of fuse- 

' lage around tad in good condition?_Is elevator tab secure and in 

good condition?_Rudder tab?_Any play in stabihzer control 

mechanism?_ 

88. MISCELLA^STEOUS 

89. Are radio antenna securely attached?_Radio loop?-De-icers?- 

90. Do log books show periodic inspection of airplane?_Does insured 

have a mechanic to inspect and make repairs?_Submit Mechanic’s 

History Card. 

91. Is this airplane equipped for instrument flying?-Has this inspection 

been made at request of a dealer?. . _Wlio represented the insured?_ 

His attitude tovrards your commendations?_.What is the airplane 

to be used for?- 
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Absorbers, shock, servicing of, 322 
Acetylene, dissolved. 111 
generated, 109 
safety precautions for, 111 
Acetylene gas, 108 
Acetylene generator, 107, 110 
Acetylene tanks, 111 
Aging of aluminnni alloys, 81 
Ailerons, 24 
parts of, 32 
static test of, 43 

Air Commerce Regulations, ques¬ 
tions on, 5 

Aircraft maintenance welding, 105 
Aircraft parts, failures of, 94 
Aircraft welds, classes of, 106 
proportions of, 138 
Aircraft wires, 279 
Airplane, center of gravity of, 41 
controls of, 24 
electrical installations of, 30 
equipment of, 20 
fuel system of, 29 
fuselage of, 24 
heating system of, 30, 36 
instruments of, 29 
nomenclature of, 20. 
oil system of, 29 
parts of, 20 
power plant of, 28 
propellers of, 28 
radio equipment of, 30 
soundproofing of, 31 
static and dynamic testing of, 40 
structural strength, maintenance 
of, 188 

structural types of, 20 


Airplane, ventilating system of, 30 
wings of, 20 

Airplane mechanic, education of, 2 
examination questions for, 5 
knowledge of structures, 3 
qualifications of, 1 
responsibility of, 1 
specialized training of, 2 
technical skill of, 2 

Alclad, SO 

Aluminum, sheet, welds in, 181 
■spot welding of, 157 
welding of, 152 
table of variables for, 159 
types of joints, 154 

Aluminum alloy, aging of, 81 
Alclad, 80 
annealing of, 78 
anodizing of, 79 
bending of, 14 
care of, 14-16 

cast, dendritic structure of, 93, 94 
cleaning surfaces of, 301 
cooling rates of, 81 
dendritic structure of, 93 
drilling of, 14 
identification of, 16, 102 
propellers, care of, 308, 309 
properties of, 72 
rivets, heat treatment of, 228 
sheet-metal structures of (see 
Thin-sheet-metal structures) 
strength of welds in, 159 
table of heat soaking of, 80 
thin-sheet-metal structures of, 243 
used in bumping, 220 
welding of, 154 

Aluminum-copper alloys, critical- 
range diagram of, 76 


351 



352 


AIRPLANE MAINTENANCE 


Aluminum-magnesium alloys, table 
of properties of, 71 ^ 

Annealing, of aluminum alloys, 78 
of bumped metal, 221 
fuU, 77 
of metals, 77 
normalizing, 78 
stress relief, 77 

Anodizing aluminum alloys, 79 
Approved repair stations, 7 
Aj-g, electric, use of, 151 
Arc welding, currents for, table of, 
151 

protection in, 132 ‘ 

of stainless steel, 162 
Ash, 273 

Assembly hangar and equipment, 8 
Automatic pilot, 26 

B 

Back-pressure valves, 116 
Backfiring, of welding blow torches, 
120 

Backward welding, 144 
Balance, of propellers, 311 
•Balanced control surfaces, 25, 26 
Balancing of propellers, 320 
Band saws, 14 
Basic stresses, 189 
Beading rolls, 14 
Beam, forces in, 199 
parts of, 200 
trussed, 200 
-webs of, 204 

assumed not to buckle, 204 
assumed to buckle, 203 
thin, 201 

wing, repair of members o:^ 249 
Bending, of beam, 199 
of fuselage, 207 
of members, 66 
• of sheet metal, 14 
Bending test, of metals, 66 
Biplane, 22 
Birch, 273 

Blackjack, bumping, 213 
Blowpipes, welding, 118 


Box beams, 205 > 
stiffness of, 206 
Box wing beams, 205 
Brakes, 328 

Goodyear disk, 331 
maintenance hints on, 334 
• mechanical adjustment of, 329 
servicing of, 322 
rules for, 328 
sheet-metal, 14 
Brazed joint, 180 
Brazing, 164 
Brinell hardness test, 63 
Buckling, 189 
of struts, 209 
Bulkheads, 192 
rigidity of, 195 ■ 

Bulletins of Bureau of Air Com¬ 
merce, 3, 4 

Bumped metal, annealing of, 221 
Bumping, aluminum alloys used in, 
220 

dies for, 215, 217 
forms for, 216 
hand, 218 
of metals, 213, 214 
mold for, concrete, 216 
sandbags for, 214 
of sheet metal, 212 
of structural parts, 221 
wooden forms for, 216 

C 

Cable, Navy splice in, 288 
preformed, 280 
Roebling splice in, 291 
soldered terminal in, 286 
. True-Lay aircraft, table of, 282 
Cadmium plating, 98 
Calcium carbide, 109 
Carburizing, 79 
Casein glue, 274 

Center of gravity, of airplane, loca¬ 
tion of, 41 
Chassis, 26 
China Clipper, 29 

Civil Aeronautics Administration, 3 
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Cleaners, care of, 300 
Cleaning, aircraft, 296 
of Alclad surfaces, 301 
of fuel tanks, 304 
of fuselages, 304 
glass, 303 

of hangar floors, 302 
of interiors of airplanes, 302 
of oil tanks, 304 
practices in, 303 
of shop floors, 302 
types of, 296 
Clevis pins, 283 
Cluster weld, 179 
Compression, 189 
Compression members, 66, 209 
Compression test, of metals, 66 
Connection, wing, 207 
Control surface, balanced, 25, 26 
repair of leading edge of, 263 
Control surface locks, 32 
Control wires, 25 
static test of, 44 
Controls, of airplane, 24 
Cooling rates, of aluminum alloys, 81 
Cord, aircraft 7 X 7, 280 
table of, 281 
7 X 19, 280 
table of, 282 
Corrosion, of metals, 61 
in welds, 145 

Corrugated sheet metal, 190 
repair of, 246 

standard, allowable stress in, 247 
Cowling, cracking of, 198 
Critical-range diagram, of alumi¬ 
num-copper alloys, 76 
of steels, 75 

Currents, for arc welding, table of, 
151 

Cutting sheet metal, 13, 14 
Cutting tips, 128 
Cutting torches, 128 

D 

Decarburization, 96 
De-icers, 32 


Dendritic structure, of aluminum 
alloy, 93 

Dies, bumping, 215 
Dinging hammers, 213, 214 
Direct-current welding, 129 
Dissolved acetylene, 111 
Dolly blocks, 2l4 
Dope, and fabric rooms, 10 
kinds of, 276 

Doped surfaces, cleaning of, 301 
Doping fabric surfaces, 276 
Douglas DC3-178, heating system 
of, 36 

parts of, 27 
Douglas fir, 273 
Drilling aluminum alloys, 14 
Drop hammers, 219 
Ductility of metals, 59 
Durability of metals, 61 
Duralumin, effect of o^^erheating of, 
96 

{See also Aluminum alloy) 
Dynamic testing, 40 
of landing gear, 55 

E 

Edging rolls, 15 
Elastic Stop Xuts, 240 
Elasticity, modulus of, 57 
Electric arc, use of , 151 
Electric tack welding, 152 
Electric welding, 129 

table of current and electrode sizes 
for, 151 

Electrical installations, 30 
Electrode size, for arc welding, 
table of, 151 
Elevators, 24 
static test of, 46 
Endurance limit, of metals, 60 
Engine covers, 32 
Engine mount, 198 
Engine-mount cover, cracking of, 
198 

Engine nacelle, repair of, 271 
Equipment, of airplanes, 20 
of assembly hangar, 8 
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Equipment, cleaning of, 297 
heat-treating, 11 
welding, 17 
of welding shop, 105 
Etching aluminum alloys, 93 

F 

Fabric, aircraft, 275 
patching, 278 
seams in, 276 
stitches in, 276 
Fabric rooms, 10 

Fabric surfaces, doped, cleaning of, 
301 

doping of, 276 

Fabric work, equipment required in, 
275 

Failure, of aircraft parts, causes of, 
94 

of metals, 65 
of repairs, causes of, 146 
of stringers, 197 

Fairchild 24, M-C-8E, parts of, 27 
Fatigue failure, 41 
Fatigue resistance, of metals, 60 
Fatigue test, of metals^ 67 
Ferrous materials, table of proper¬ 
ties of, 68 
Ferrules, 279 
table of, 281 

Filler rod, handling of, 173 
Fins, horizontal, 25 
static test of, 47 
vertical, 25 

Fire-fighting equipment, 32 

Fire-fighting system, 37 

Flames, welding, 123 

Flaps, wing, 33 

Flares, 32 

Flash welding, 132 

Flexibility, of structure, 208 

Floats, seaplane, repairing of, 265 

Flux, removal of, 155 

Flux-coated welding rods, 131 

Fluxes, welding, 123 

Flying boat, 29 

Forming sheet metal, for repairs, 212 


Forward welding, 144 
Fuel system, of airplane, 29 
Fuel tanks, cleaning of, 304 
welded, repair of, 155 
Full annealing, 77 
Fuselage, airplane, 24 
cleaning of, 304 
repair of, 253, 257 
semimonocoque, 30, 207 

G 

Gas, acetylene, 109 
hydrogen, 112 
Gas regulators, 113 
nozzle type, 115 
preparation for using, 116 
two-stage, 114 

Gas welding, equipment for, 106, 
107 

Gas welds, 106 

Gases, for aircraft welding, 108 
Generated acetylene, 109 
Generator, acetylene, 107, 110 
Glass, cleaning of, 303 
Glue, 274 
casein, 274 
mixing of, 274. 
splicing wdth, 275 
spreading of, 274 
Gluing, 274 
Goggles, welding, 108 
Goodrich Rivnuts, 238 
Government regulations, 3 
Grain size, of metal, 76 

H 

Hammers, bumping, 213 
dinging, 213, 214 
drop, 219 
sheet-metal, 212 
smoothing, 214 

Hangar floors, cleaning of, 302 
Hard surfacing, 160 
methods of, 160 
preparation for, 160 
Hardening of metals, 78 
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Hardness, measurement of, 62 
of metals, 62 
Hardness test, Brinell, 63 
Rockwell, 64 
scleroscope, 63 
Heading rivets, 235 
Heat-treated aluminum alloys, weld¬ 
ing of, 154 

Heat-treatment cycle, 75 
effect of composition on, 81 
effect of welding on, 137, 141 
equipment in, 11 
of metals, 73 
precipitation, 76 
temperature control of, 81 
Heating system, of airplane, 30, 36 
Hooke’s law, 57 
Horizontal jSns, 25 
Hose, welding, 121 
Hydrogen, safety precautions for, 
112 

Hydrogen gas, 112 
Hydrogen tanks, 107 

I 

Ice removal, 32, 37 
Identification, of aluminum alloys, 
16, 102 
of metals, 16 

Impact test, of metals, 66 
Inspection of propeller, sample of 
record, 344 

Inspection report, sample of, 345 
Instruments, of airplane, 29 

J . 

Jig saws, 14 
Jigs, welding, 169 
Job units, ix 
Joints, butt-riveted, 241 
lap-riveted, 240 
riveted, failure of, 227 
types of, 223 


R 

Landing gear, 26 

d5mamic testing of, 55 
Lathe, screw-cutting, 15 
Leading edge, of control surfaces, 
repair of, 263 
of wing, repair of, 262 
Longeron repair, 168 

]M 

Macro test, 91 

Magnaflux-detection of defects, 91 
Magnaflux methods, 89, 138 
Maintenance cleaning, 296 
of metals, 74 
of propellers, 306 
Major repairs, 3 
Mallets, bumping, 213 
Manifolds, welding of, 117 
Members, compressive buckling of, 
209 

Metallic arc, characteristics of, 130 
theory of, 130 
Metallic-arc welding, 129 
Metallic-arc wields, 106 
Metallurgy, vrelding, 138 
Metals, annealing of, 77 
bending test of, 66 
bumping of, 213, 214 
carburizing of, 79 
care of, 16 

compression test of, 66 
construction of thin sheets of, 188 
corrosion of, 61 
in welds, 145 

critical rai^ge diagram of, 75 
defects in, 88 
detection of, 88 
microscopic detection of, 91 
ductility of, 59 
durability of, 61 
effect of overheating of, 95 
elasticity of, 57 
endurance limit of, 60 
fatigue resistance of, 60 
fatigue test of, 67 
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^Metals, grain size of, 76 
hardening of, 78 
hardness of. 62 
heat treatment of, 73 
identification of, table of tests for, 
86 

tests for, 85 
impact test of, 66 
improper distribution of , 97 
maintenance of, 74 
marking of, 16 
microscopic inspection of. 91 
nitriding of, 79 

nonferrous, table of properties of, 
70 

properties of, 57 

radiographic study of, 67 
tables of, 68-71 
sheet, bending of, 221 
bumping of, 212 
forms for, 217 
hand, 218 
power, 219 

bumping dies for, 215 
filing of, 212 

forming of, for repairs, 212 
grinding of, 212 
strength of, 57 

structure of aluminum alloy, 243 
thin sheet, types of repair of, 
243 

{See also Thin-sh'eet-metal 
structures) 
tempering of, 78’ 
tension test of, 66 
testing of, 66 
toughness of, 59 
types of failure of, 65 
ultimate strength of, 59 
uneven heating of, 95 
uses of, 57 
warpage of, 95 , 

Microscopic inspection, of metals, 91 
Microtest, 91 
Modulus of elasticity, 57 
Monocoque fuselage, 30 
Monocoque structure, holes in, 187 
illustration of, 191 


Monocoque structure, theory of, 190 
wrinkling of, 193 
Monocoque wing beams, 205 
Monoplane, braced, 21 
cantilever, 21 
high-wing, 21 
low-wing, 22 

Multispar monoplane wing, 206 

N 

Nacelle, engine, repair of, 271 
Nacelle skin, cracking of, 198 
Neutral welding flame, 125 
Nibbling machine, 15 
Nitriding of metals, 79 
Nomenclature, 20 
propeller, 306 
Normalizing, 77 
Nozzle-type regulator, 115 
Nut, Elastic Stop, 240 
self-locking, 240 • 

O 

Office space, in repair shops, 8 
Oil system, of airplane, 29 
Oil tanks, cleaning of, 304 
welded, repair of, 155 
Oleo-spring strut, servicing of, 324 , 
Overheating, of steel, 77 
Oxyacetylene welding flames, 123 
Oxygen, 108 

safety precautions in use of, 109 
Oxygen tanks, 107 
Oxyhydrogen welding flames, nature 
of, 126 

P 

Parker-Kalon screws, 237 
Patching, fabric, 278 
Physical testing, of metals, 66 
Pilot, automatic, 26 
Pine, white, 273 
Power plant, of airplane, 28 
Propeller, record, sample of, 344 
steel, care of, 316 
stresses in, 307 
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Propeller track, checking of, 318, 319 
Propellers, 28 

aluminum-alloy, care of, 308 
assembly of, 311 
balance of, 311 
balancing of, 320 
inspection of, 344 
daily, 309 
periodic, 312 
maintenance of, 306 
daily, 309 

major repair of, 313 
nomenclature of, 306 
operating adjustment of, 314 
periodic overhaul of, 312 
types of, 308 
\dbration of, 316 
Properties, of aircraft steels, 67 
of aluminum alloys, 72 
of ferrous materials, table of, 68 
of metals, 57 

Proportions, of aircraft welds, 138 
Protection, in arc welding, 132 

R 

Radio equipment, 30 
Radiographic study of metals, 67 
Regulators, gas, 107, 113 
nozzle-type, 115 
preparation for use of, 116 
two-stage, 114 
Reinforcing rings, 192 
rigidity of, 195 
Repair failures, causes of, 146 
Repair shops, assembly hangar, 8 
dope rooms in, 10 
equipment of, 7 
fabric rooms in, 10 
ofhce space in, 8 
sheet-metal, 12 
stock room of, 16 
'welding equipment for, 17, 105 
Repair stations, approved, 7 
Repair weld, 180 
Residual strains, 78 
Resistance 'welding, 106, 132 


Retracting mechanism, of landing 
gear, 34 
Rib lacing, 276 
Ribs, of -wing, 23 
repair of, 271 
■Ring, reinforcing, 192 
Rivet gun, .236 
Rivet set, 237 
Riveted joint, butt-, 241 
failure of, 227 
lap-, 240 
strength of, 229 
test for strength of, 241 
tj’pes of, 223 

Riveters, air pressure of, 14 
Riveting, 223 

excessive pressure in, 95 
rules for, 234 
stainless-steel, 229 
of tubes, 233 
types of, 231 
Riveting tools, 236 
Rivets, 223 

A17ST, table of, 230 
Alclad, 24S, table of, 231 
duralumin, 17S, table of, 232 
heading of, 235 
heat treatment of, 228 
removing of, 244 
snap, 236 
Thomson, 225 
types of, 223 
Ri\’TLuts, Goodrich, 238 
Rock'well test, 64 
Rods, flux-coated, 131 
welding, 121, 140 
Rudder, 24 

static test of, 47 
Rules for riveting, 234 

S 

Safety precautions, for acetylene, 

ill 

for hydrogen, 112 
for oxygen, 109 
Sandbags, for bumping, 214 
Sawing sheet metal, 14 
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Saws, band, 14 
circular, 15 
jig, 14 

Scleroscope hardness test, 63 
Screws,.Parker-Kalon, 237 
Seam welding, 133, 158 
Seams, in fabric, 276 
Seaplane, parts of, 23 
Seaplane floats, repairing of, 265 
Semimonocoque structures, 195 
Shackles, 283 
table of, 284 

Shaping of steel, by burning, 127 
Shear, definition of, 189 
in thin web of beam, 202 
Shear members, 66 
Shears, squaring, 14 
Sheet metal, aluminum alloys used 
in bumping, 220 
bending of, 130 
brakes, 14 
buckling of, 189 
bumping of, 212 
forms of, 215 
hand, 218 
pow'er, 219 

bumping dies for, 215 
care of, 12 
corrugated, 190 
cutting of, 13 
engine mounts, 198 
filing of, 212 

forming of, by hydraulic press, 219 
for repairs, 212 
grinding of, 212 
hammers, 212 

power forming of, dies for, 220 
sawing of, 14 
shear, throatless, 15 
structural types of, 191 
’^inkling of, 190 
Sheet-metal shop, 12 
Sheet-metal structures, 188 
repair of, 243 
semimonocoque, 195 
shear loads in, 198 

{See also Thin-sheet-metal 
structures) 


Shock absorbers, service rules for, 
323 

servicing of, 322 
Shop, cleaning floors of, 302 
welding equipment for, 105 
Shops and equipment, 7 
Shrinkage, of welds, 147 
Silver soldering, 163 
Soundproofing, of airplanes, 31 
Spar, wing, repair of flange of, 260 
Spar web, repair of, 259 
Spars, stressed skin, 205 
of wing, 23 
Splice, Roebling, 291 
Splicing wood, 275 
Spot welding, 132 
of aluminum, 157 
of stainless steel, 164 
Spruce, 273 
Squaring shears, 14 
•Stability, 189 
Stabilizer, repair of, 263 
static test of, 46 

Stainless steel, arc welding of, 162 
riveting of, 229 
spot welding of, 163 
welding of, 161 
Static test, of aileron, 43 
of control wires, 44 
of elevators, 46 
of fin, 47 
of rudder, 47 
of stabilizer, 46 
of wing beam, 203 
of wing rib, 48 
Static testing, 40 
of engine mount, 54 
principles involved in, 41 
of wings, 49 

of leading edge, 53 
Steel, cutting of, with gas flame, 127 
effect of heat on, 101 
effect of overheating of, 96 
with nitrides present, 140 
overheating of, 77 
properties of, 67 
shaping of, by burning, 127 
Steel propellers, care of, 316 
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Stock room, 16 
Strain, 57 
residual, 77 
Stress, 57 

Stress-relief annealing, 77 
Stress-strain curve, 59 
Stressed skin, of fuselage, 207 
of wing-beams, 205 

{See also Thin-sheet-metal 
structures) 

Stresses, basic, 189 
in propeller, 307 
in thin webs, 202 
in torsion, 193 
Striking tools, 213 
Stringers, failure of, 197 
repair of, 251 
strength of, 196 
typical sections of, 195 
Structural parts, bumping of, 221 
Structural tests, scope of, 40 
Structural types, of airplanes, 20 
of sheet metal, 191 
study of, 33 

Structures, sheet-metal, flexibility 
of, 208 

monocoque, theory of, 190 
of thin sheet metal, semimono- 
coque, 195 

{See also Thin-sheet-metal 
structures) 

Struts, buckling of, 209 

of fixed ends, 210 ^ 

repair of, 166, 249 
replacement of, 251 
shock-absorbing, servicing of, 323, 
324 

tubular, repair of dent in, 271 
T 

Tail wheels, 26 

Temperature control, in heat treat¬ 
ment, 81 

Tempering, of metals, 78 
Tension, 189 
Tension members, 65 
Tension test, of metals, 66 


Terminal fittings, 283 
Testing of metals, 66 
Tests for identifying metals, 85 
Thimbles, aircraft, 282 
table of, 283 

Thin-sheet-metal structures, clean¬ 
ing of, 301 

preparing of, for repair work, 245 
repair of, 243 
of cracks in, 256 
of fuselage of, 257 
of highly stressed members of, 
245 

minimum equipment for, 243 
removing rivets for, 244 
of small holes in, 255 
of smooth-stressed skin, 248 
of stabilizer of, 263 
of vertical fin of, 263 
of web of wing spar of, 259 
Thomson rivets, 225 
Tip sizes, for aluminum welding, 
table of, 149 

for brazing and hard surfacing, 
149 

for oxyacetylene welding of steel, 
table of, 149 
Tips, cutting, 128 
Tires, demounting of, 337 
mounting of, 336, 337 
servicing of, 322 
Tools, riveting, 236 
Torches, backfiring of, 120 
cutting, 128 
welding, 107, 118 

balanced-pressure t;:^q)e, 118, 

120 

.injector-t 3 .q)e, 119 
Torque tube, repair of, 270 
Torsional stresses, 193 
Toughness of metals, 59 
Transport airplane, parts of, 25, 27 
Trouble report, sample of, 341 
Trussed beam, 200 
Tubes, repair of, 165, 166, 168 
riveting of, 233 
riveting to, 233 
torque, repair of, 270 
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Tubes, welding of, 177, 178 
Turnbuckles, 283 
table of , 284 

U 

Ultimate strength of metals, 59 
Undercutting, 98 
Uses of metals, 57 

V 

Valves, back pressure, 116 
Ventdatuig system, 30, 36 
Vertical fins, 2o 
repair of, 263 
Vises, 13 

Vought Corsair V-SO, 23 

W 

Warpage, in aluminum welds, 150 
in magnesium welds, 150 
in welds, 147 

Web of beam, stresses in, 202 
Welder, requirements for, 105 
Welding, 105, 147 
alignment, 174 
of aluminum, 152, 157 
table of variables for, 159 
of aluminum sheets, 181 
backward, 144 
of corners,. 175 
direct-current, 129 
electric, 129 
of fish plate,’ 1-83 
flame, neutral, 125 
bxvacetylene, 123 
oxyhydfcigen, nature of, 126 
flash, 132 ' 
fluxes, 123 

removal of, 155 
forward, 144 
gas, 106 

equipment for, 107 
gases for, 108 
goggles, 108 

hard surfacing method of, 160 


W'elding, heat, application of, 150 
effect of, 137, 141 
of heat-treated aluminum alloys 
154 

hose for, 121 
jigs, 169 

of manifolds, 117 
metallic-arc, 106, 129 » • 

metallurgy, 138 
methods, 137 
of motor-mount ring, 183 
resistance, 106, 132 
rods, 121, 140 
flux-coated, 131 
room equipment, 17 
seam, 133, 158 
spot, 132 

of stainless steel, 161 

torches, 107, 118 

of tubes, 177, 178 

of tubular members, 165 

of types of aluminum joints, 154 

wire, 108 

Welding blow torch, backfiring of, 
120 

Welds, aircraft, typical proportions 
of, 138 

in aluminum alloys, strength of, 
159 

application of heat to, 143 
classes of, 106 
cluster, 179 

considerations for making sound, 
143 

corrosion in, 145 
, examination of, 137 
. ■ metallic-arc, 106 
rosette, 176 
shrinkage of, 147 
warpage of, 147 
in magnesium, 150 
washer, 176 
X-ray study of, 139 
Wing, airplane, 20 

beams of, box, 204, 205 
fundamental parts of, 200 
repair of fiange of, 260 
shell-type, 205 
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Wing, beams of, single-spar, 206- 
static test of, 203 
stiffness of, 206 
stressed skin, 205 
with thin webs, 202 
trussed, parts of, 200 
web of, repair of, 259 
stresses in, 202 
connection, 207 
flaps of, 25, 33 
repair of, 263 

leading edge of, repair of, 262 
material of, 22 
multispar, 206 
ribs of, 23 
repair of, 271 
static test of, 48 
single-spar, 206 
spar, 21, 23 

repair of members of, 249 
split flap of, 34 
static test of, 49 
trailing edge of, repair of, 258 
Wire structures, repair of, 273 
Wires, aircraft, 279 
- aircraft cord, 7X7, 280 
table of, 281 
.7 X 19, 280 
table of, 282 


Wires, hard, 279 

loop terminal in, 284 
Roebling splice in, 291 
soldered terminal of, 286 
tinned aircraft, table of properties 
of, 280 
welding, 108 

Wooden structures, repair of, 273 
Woods, aircraft, table of properties 
of, 273 

in aircraft structures, 273 
characteristics of, 274 
composition of, 274 
compression failure of, 274 
diagonal and spiral grain of, 274 
method of sawing of, 274 
moisture content of, 274 
W'rinkling, 190 
of monocoqiie structure, 193 
■ of thin sheet metal, 190 

X 

X-ray detection of metal defects, 88 
X-ray study of weld, 139 

Y 

Young’s modulus of elasticity, 57 



